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NOTICE BY THE PUBLISHERS. 



The publishers of Dr. Comstock's Natural Philosophy will not 
withhold from the public an expression of the gratification they feel 
as Americans, at the manner in which the work has been received, 
and appreciated in Europe. 

It has been twice edited and republished in the Queen's dominions. 
First in Scotland, the editor being Prof. Lees "of the Naval and 
Military Academy, and Lecturer on Natural Philosophy, Edinburgh." 

In his Preface, the editor says : "Among the many works on Nat- 
ural Philosophy which have made their appearance of late years, we 
certainly have not met with one uniting in a greater degree the two 
grand requisites of precision and simplicity than the work of Dr. 
Comstock. * * * * The principles of the science are stated 
with singular clearness, and illustrated by the most apt, and inter- 
esting examples. * * * * The development of the various 
branches is effected by the help of well-designed diagrams, and 
these by no means sparingly introduced." Published by Scott, 
Webster, <5f Geary, London, 1843. 

During the last year the Philosophy was again edited by Prof. 
Hoblyn of Oxford, now " Lecturer in the Institute of Medicine and 
Arts," London ; and author of a Medical Dictionary republished in 
this country. This edition is dedicated to Marshall Hall, M. D., 
F. R. S., one of the chiefs of the Medical profession in the metrop- 
olis, and who, it appears, has introduced it to his pupils in the lecture 
room. 

The following is an extract from Prof. Hoblyn's Preface to his 
edition : — 

" This Manual of Natural Philosophy claims no higher merit than 
that of being a republication of the popular treatise of Dr. Comstock, 
of Hartford, in the United States, enlarged, and to a certain extent 
remodeled. His colleague feels a peculiar pleasure in the asso- 
ciation of his own name with that of an author, who has earned a 



j v NOTICE BY THE PUBLISHERS. 

well-merited reputation in the pursuit of physical science. As an 
elementary work, requiring for its perusal no mathematical attain- 
ment, nor indeed any previous knowledge of Natural Philosophy, it 
is at once simple, intelligible, and in most parts familiar." Pub- 
lished by Adam Scott, Charter House Square, London, 18-16. 

Besides these two editions of the entire work, Dr. Comstock's 
Philosophy has been published in parts, in the form of scientific 
tracts, at a shilling each, for general circulation in England. We 
understand also, that the work has been translated into German, for 
the use of the public schools in Prussia- 
Having thus undergone the critical examination of two Professors 
of high attainments abroad, who have each corrected its errors, and 
added to its pages, and of whose labors, we have no doubt the author 
has availed himself, we now offer this revised edition to the public, 
with renewed confidence in its correctness, as well as its adaptation 
to the purpose for which the work is intended. 

New York, February, 1848. 



ADVERTISEMENT. 



The publishers being once more under the necessity of having 
this work stereotyped, the author has carefully examined anew its 
entire conlents, with the design of correcting every error, both in 
language and principle, and also of erasing, or introducing matter, 
so as to make the book, in all respects, as perfect as it lay in power 
to do. In doing this, he has availed himself of the corrections and 
additions made by Prof. Lees, of the "Naval and Military Academy 
of Edinburgh," and of Prof. Hoblyn, Lecturer in the " Institute of 
Medicine and Arts," in London. These gentlemen having done him 
the honor to associate their names with that of the author, in two 
several editions of his book. 

To Prof. Hoblyn, the author is indebted for many of the additions 
he has introduced, and particularly for the chapter on the Steam 
Engine, -which has been adopted entire; Prof. H. being the author 
of a work on this subject, of which the Britannia says, "The 
description of the various parts of a steam-engine is the most 
clear, and satisfactory we ever met with." 

In improving this edition, the author has only introduced such 
new matter as he thought the public required, in order to make it 
meet the demands of the existing state of the sciences in this 
country ; and that it might be used in classes with the former edi- 
tion, no changes have been made in the arrangement of the subjects. 

Besides a new set of figures, in much better style than the old 
ones, there will be found much additional matter of importance to 
the student in Natural Philosophy, as a section on Heat, with the 
different Thermometers, explained and compared ; the Hydraulic 
Ram ; several new pumps ; new figures for the steam-engine, and 
many other additions and illustrations which will be obvious on 
examination, all of which are respectfully submitted by the 

AUTHOR 
Hartford, February, 1848 
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NATURAL PHILOSOPHY, &c 



CHAPTER I. 
THE PROPERTIES OF BODIES. 

Natural Philosophy, or the Science of Nature, has 
for its objects the investigation of the properties of all 
natural bodies and their mutual action on each other. The 
term Physics has a similar meaning. 

1. A Body is any substance of which we can gain a know- 
ledge by our senses. Hence, air, water, and earth, in all their 
modifications, are called bodies. 

2. There are certain properties which are common to all 
bodies. These are called the essential properties of bodies. 
They are Impenetrability, Extension, Figure, Divisibility, 
Inertia, and Attraction. 

3. Impenetrability. — By impenetrability, is meant that 
two bodies cannot occupy the same space at the same time, 
or, that the ultimate particles of matter cannot be penetrated. 
Thus, if a vessel be exactly filled with water, and a stone, 
or any other substance heavier than water, be dropped into 
it, a quantity of water will overflow, just equal to the size of 
the heavy body. This shows that the stone only separates 
or displaces the particles of water, and therefore that the two 
substances cannot exist in the same place at the same time. 
If a glass tube open at the bottom, and closed with the thumb 
at the top, be pressed down into a vessel of water, the liquid 
will not rise up and fill the tube, because the air already in 
the tube resists it ; but if the thumb be removed, so that the 
air can pass out, the water will instantly rise as high on 

What are the objects of natural philosophy 3 What is a body 1 Mention several 
bodies I What are the essential properties of bodies I What is meant by impen- 
etrability 1 How is it proved that air and water are impenetrable? When a nail is 
driven into a board or piece of lead, are the particles of these bodies penetrated or 
separated 1 
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the inside of the tube as it is on the outside. This shows 
that the air is impenetrable to the water. 

4. If a nail be driven into aboard, in common language, it 
is said to penetrate the wood, but in the language of philoso- 
phy, it only separates, or displaces the particles of the wood. 
The same is the case, if the nail be driven into a piece of 
lead; the particles of the lead are separated from each other, 
and crowded together, to make room for the harder body, 
but the particles themselves are by no means penetrated by 
the nail. 

5. When a piece of gold is dissolved in an acid, the par- 
ticles of the metal are divided, or separated from each other, 
and diffused in the fluid, but the particles of gold are sup- 
posed still to be entire, for if the acid be removed, we obtain 
the gold again in its solid form, just as though its particles 
had never been separated. 

6. Extension. — Every body, however small, must have 
length, breadth, and thickness, since no substance can exist 
without them. By extension, therefore, is only meant these 
qualities. Extension has no respect to the size, or shape of a 
body. 

7. The size and shape of a block of wood a foot square 
is quite different from that of a walking stick. But they 
both equally possess length, breadth, and thickness, since 
the stick might be cut into little blocks, exactly resembling 
in shape the large one. And these little cubes might again 
be divided until they were only the hundredth part of an inch 
in diameter, and still it is obvious, that they would possess 
length, breadth, and thickness, for they could yet be seen, 
felt, and measured. But suppose each of these little blocks 
to be again divided a thousand times, it is true we could not 
measure them, but still they would possess the quality of ex- 
tension, as really as they did before division, the only differ- 
ence being in respect to dimensions. 

8. Figure or form is the result of extension, for we cannot 
conceive that a body has length and breadth, without its also 
having some kind of figure, however irregular. 

9. Some solid bodies have certain or determinate forms 
which are produced by nature, and are always the same 
wherever they are found. Thus, a crystal of quartz has six 

Are the particles of gold dissolved, or only separated by the acid ! Wh- 1 t~uT^7L 
by extension? In how many directions do l,u,i ts possess extension! nfJE!?? 
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sides, while a garnet has twelve sides, these numbers being 
invariable. Some solids are so irregular, that they cannot 
be compared with any mathematical figure. This is the 
case with the fragments of a broken rock, chips of wood, 
fractured glass, &c, these are called amorphous, 

10. Fluid bodies have no determinate forms, but take their 
shapes from the vessels in which they happen to be placed. 

11. Divisibility. — By the divisibility of matter, we mean 
that a body may be divided into parts, and that these parts 
may again be divided into other parts. 

12. It is quite obvious, that if we break a piece of marble 
into two parts, these two parts may again be divided, and 
that the process of division may be continued until these 
parts are so small as not individually to be seen or felt. But 
as every body, however small, must possess extension and 
form, so we can conceive of none so minute but that it may 
again be divided. There is, however, possibly a limit, beyond 
which bodies cannot be actually divided, for there may be 
reason to believe that the atoms of matter are indivisible by 
any means in our power. But under what circumstances 
this takes place, or whether it is in the power of man during 
his whole life, to pulverize any substance so finely, that it 
may not again be broken, is unknown. 

13. We can conceive, in some degree, how minute must 
be the particles of matter, from circumstances that every day 
come within our knowledge. 

14. A single grain of musk will scent a room for years, 
and still lose no appreciable part of its weight. Here, the 
particles of musk must be floating in the air of every part 
of the room, otherwise they could not be everywhere per- 
ceived. 

15. Gold is hammered so thin, as to take 282,000 leaves 
to make an inch in thickness. Here, the particles still ad- 
here to each other, notwithstanding the great surface which 
they cover, — a single grain being sufficient to extend over a 
surface of fifty square inches. 

16. Lndesthuctieility. — This term means that nothing is 
destroyed. The ultimate particles of matter, however widely 
they may be diffused, are not individually destroyed, or lost, 

What bodies are irregular 1 What is meant by divisibility of matter 1 Is there 
any limit to the divisibility of matter 1 Are the atoms of matter divisible 1 What 
examples are given of the divisibility of matter 1 How many leaves of gold does it 
take to make an inch in thickness 1 How many square inches may a grain of gold 
be made to cover 1 Under what circumstances may the particles of matter again be 
collected in their original form 1 
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but under certain circumstances, may again be collected into 
a body without change of form. Mercury, water, and many 
other substances, may be converted into vapor, or distilled in 
close vessels, without any of their particles being lost. In 
such cases, there is no decomposition of the substances, but 
only a change of form by the heat, and hence the mercury 
and water assume their original state again on cooling. 

17. When bodies suffer decomposition or decay, their ele- 
mentary particles, in like manner, are neither destroyed nor 
lost, but only enter into new arrangements or combinations 
with other bodies. 

18. When a piece of wood is heated in a close vessel, such 
as a retort, we obtain water, an acid, several kinds of gas, 
and there remains a black, porous substance, called charcoal. 
The wood is thus decomposed, or destroyed, and its particles 
take a new arrangement, and assume new forms, but that 
nothing is lost is proved by the fact, that if the water, acid, 
gasses, and charcoal, be collected and weighed, they will be 
found exactly as heavy as the wood was before distillation. 

19. Bones, flesh, or any other animal substance, may in the 
same manner be made to assume new forms, without losing 
a particle of the matter which they originally contained. 

20. The decay of animal or vegetable bodies in the open 
air, or in the ground, is only a process by which the particles 
of which they were composed, change their places and as- 
sume new forms. 

21. The decay and decomposition of animals and vegeta- 
bles on the surface of the earth form the soil, which nour- 
ishes the growth of vegetables ; and these, in their turn, 
form the nutriment of animals. Thus is there a perpetual 
change from life to death, and from death to life, and as con- 
stant a succession in the forms and places, which the parti- 
cles of matter assume. Nothing is lost, and not a particle 
of matter is struck out of existence. The same matter of 
which every living animal, and every vegetable was formed 
since the creation, is still in existence. As nothing is lost 
or annihilated, so it is probable that nothing has been added 
and that we, ourselves, are composed of particles of matter 
as old as the creation. In time, we must, in our turn suffer 
decomposition, as all forms have done before us and thus 
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resign the matter of which we are composed, to form new 
existences. 

22. IneRtia. — Inertia means passivcness or want of power. 
Thus matter is, of itself, equally incapable of putting itself 
in motion, or of bringing itself to rest when in motion. 

23. It is plain that a rock on the surface of the earth 
never changes its position in respect to other things on the 
earth. It has of itself no power to move, and would, there- 
fore, for ever lie still, unless moved by some external force. 
This fact is proved by the experience of every person, for we 
see the same objects lying in the same positions all our lives. 
Now, it is just as true, that inert matter has no power to 
bring itself to rest, when once put in motion, as it is that it 
cannot put itself in motion when at rest, for having no life, 
it is perfectly passive, both to motion and rest, and therefore 
either state depends entirely upon circumstances. 

24. Common experience proving that matter does not put 
itself in motion, we might be led to believe, that rest is the 
natural state of all inert bodies, but a few considerations 
will show, that motion is as much the natural state of 
matter as rest, and that either state depends on the resist- 
ance, or impulse, of external causes. 

25. If a cannon ball be rolled upon the ground, it will soon 
cease to move, because the ground is rough, and presents 
impediments to its motion ; but if it be rolled on the ice, its 
motion will continue much longer, because there are fewer 
impediments, and consequently, the same force of impulse 
will carry it much farther. We see from this, that with the 
same impulse, the distance to which the ball will move 
must depend on the impediments it meets with, or the resis- 
tance it has to overcome. But suppose that the ball and ice 
were both so smooth as to remove as much as possible the 
resistance caused by friction, then it is obvious that the ball 
would continue to move longer, and go to a greater distance. 
Next suppose we avoid the friction of the ice, and throw the 
ball through the air, it would then continue in motion still 
longer with the same force of projection, because the air 
alone presents less impediment than the air and ice, and 
there is now nothing to oppose its constant motion, except, 
the resistance of the air, and its own weight, or gravity. 

What docs inertia mean? Is rest or motion the natural state of matter'! Why 
does the ball roll farther on the ice than on the ground 7 What does this prove? 
Why, with the same force of projection, will a ball move farther through the air 
than on the ice 1 
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26. If the air be exhausted, or pumped out of a vessel by 
means of an air-pump, and a common top, with a small, hatd 

point, be set in motion in it, the top will continue to spin for 
hours, because the air does not resist its motion. A pendu- 
lum, set in motion, in an exhausted vessel, will continue to 
swing, without the help of clock-work, for a whole day, 
because there is nothing to resist its perpetual motion but 
the small friction at the point where it is suspended, and 
gravity. 

27. We see, then, that it is the resistance of the air, of 
friction, and of gravity, which causes bodies once in motion 
to cease moving, or come to rest, and that dead matter, of 
itself, is equally incapable of causing its own motion, or its 
own rest. 

28. We have perpetual examples of the truth of this doc- 
trine, in the moon, and other planets. These vast bodies 
move through spaces which are void of the obstacles of air 
and friction, and their motions are the same that they were 
thousands of years ago, or at the beginning of creation. 

29. Attraction. — By attraction is meant thai property or 
quality in the particles of bodies, which make them tend toward 
each other. 

30. We know that substances are composed of small 
atoms or particles of matter, and that it is a collection of 
these, united together, that forms all the objects with which 
we are acquainted. Now, when we come to divide, or sep- 
arate any substance into parts, we do not find that its parti- 
cles have been united or kept together by glue, little nails, or 
any such mechanical means, but that they cling together by 
some power, not obvious to our senses. This power we call 
Attraction, but of its nature or cause, we are entirely igno- 
rant. Experiment and observation, however, demonstrate, 
that this power pervades all material things, and that under* 
different modifications, it not only makes the particles of 
bodies adhere to each other, but is the cause which keeps 
the planets in their orbits as they pass through the heavens. 

31. Attraction has received different names, according to 
the circumstances under which it acts. 

32. The force which keeps the particles of matter together 

Why will a top spin, or a pendulum swing, longer in an exhausti d vessel than in 

theair? What are the causes which resisl the perpetual mol I bodies'! Where 

have we an example of continued motion without the < xisteuce of air and friction 7 
What is meant by atlractionl What is known about the cause of attraction 1 Is 
attraction common to all kinds of matter, or not! What effect does this power have 
upon the planets 1 Why has attraction received different names ! 
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to form bodies, or masses, is called Attraction of cohesion. 
That which inclines different masses towards each other, is 
called Attraction of gravitation. That which causes liquids 
to rise in tubes, is called Capillary attraction. That which 
forces the particles of substances of different kinds to unite 
is known under the name of Chemical attraction. That 
which causes the needle to point constantly towards the 
poles of the earth is Magnetic attraction ; and that which is 
excited by friction in certain substances, is known by the 
name of Electrical attraction. 

33. The following illustrations, it is hoped, will make 
each kind of .attraction distinct and obvious to the mind of 
the student. 

34. Attraction of Cohesion acts onbj at insensible distan- 
ces, as when the particles of bolus apparently (ouch each other. 

35. Take two 

pieces of lead, Fig. *"*■£• *• 

l,of a round form, 
an inch in diame- 
ter and two inches 
long; flatten one 
end of each and 

make through it an eye-hole for a string. Make the other 
ends of each as smooth as possible, by cutting them with a 
sharp knife. If now the smooth surfaces be brought together, 
with a slight turning pressure, they will adhere with such force 
that two men can hardly pull them apart by the two strings. 

36. In like manner, two pieces of plate glass, when then- 
surfaces are cleaned from dust, and they are pressed together, 
will adhere with considerable force. Other smooth sub- 
stances present the same phenomena. 

37. This kind of attraction is much stronger in some 
bodies than in others. Thus, it is stronger in the metals 
than in most other substances, and in some of the metals it 
is stronger than in others. In general it is most powerful 
among the particles of solid bodies, weaker among those of 
liquids, and probably entirely wanting among elastic fluids, 
such as air, and the gases. 

38. Thus, a small iron wire will hold a suspended weight 




How many kinds of attraction are there? How does the attraction of cohesion 
operate? What is meant by attraction of gravitation? What by capillary at- 
I I What by chemical attraction ? What is thai which makes the needle 
point towards the pole ? How is electrical attraction excited i Give an example of 
col lesive attraction? In what, substances is cohesive attraction the strongest ? In 
what substances is it weakest ? 
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of many pounds, without having its particles separated ; the 
particles of water are divided by a very small force, while 
those of air are still more easily moved among each other. 
These different properties depend on the force of cohesion 
with which the several particles of these bodies are united. 

39. When the particles of fluids are left to arrange them- 
selves according to the laws of attraction, the bodies which 
they compose assume the form of a globe or ball. 

40. Drops of water thrown on an oiled surface, or on wax, 
— globules of mercury, — hailstones, — a drop of water ad- 
hering to the end of the finger, — tears running down the 
cheeks, and dew-drops on the leaves of plants, are all exam- 
ples of this law of attraction. The manufacture of shot is 
also a striking illustration. The lead is melted and poured 
into a sieve, at the height of about two hundred feet from 
the ground. The stream of lead, immediately after leaving 
the sieve, separates into round globules, which, before they 
reach the ground, are cooled and become solid, and thus are 
formed the shot used by sportsmen. 

41. To account for the globular form in all these cases, 
we have only to consider that the particles of matter are 
mutually attracted towards a common centre, and in liquids 
being free to move, they arrange themselves accordingly. 

42. In all figures except the globe, or ball, some of the 
particles must be nearer the centre than others. But in a 
body that is perfectly round, every part of the outside is 
exactly at the same distance from the centre. 

43. Thus, the corners of a cube, or 
square, are at much greater distances 
from the centre than the sides, while 
the circumference of a circle or ball 
is every where at the same distance 
from it. This difference is shown by 
Fig. 2, and it is quite obvious, that if 
the particles of matter are equally 
attracted towards the common centre, 
and are free to arrange themselves, no GMuiafj^rm. 
other figure could possibly be formed, 
since then every part of the outside is equally attracted. 




Why are the particles of fluids more easily separated than those of solids'* What 
form do fluids take, when their particles are led to their own arrangement ? Give 
examples of this law. How is the globular form which liquids assume accounted 
for i If the particles of a body are free to move, and are equally attracted towards 
the centre, what must be its figure t Why must the figure be a globe? 
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Fig 3. 



44. The sun, earth, moon, and indeed all the heavenly 
bodies, are illustrations of this law, and therefore were 
probably in so soft a state when first formed, as to allow 
their particles freely to arrange themselves accordingly. 

45/Attraction of Gravitation. — As the attraction of 
cohesion unites the particles of matter into masses or bodies, so 
the attraction of gravitation tends to force these masses towards 
each other, to form those of still greater dimensions. The 
term gravitation, does not here strictly refer to the weight of 
bodies, but to the attraction of the masses of matter towards 
each other, whether downwards, upwards, or horizontally. 

46. The attraction of gravitation is mutual, since all 
bodies not only attract other bodies, but are themselves 
attracted. 

47. Two cannon balls, when suspended by 
long cords, so as to hang quite near each 
other, are found to exert a mutual attraction, 
so that neither of the cords are exactly perpen- 
dicular, but they approach each other as in 
Fig. 3. 

48. In the same manner, the heavenly 
bodies, when they approach each other, are 
drawn out of the line of their paths, or orbits, 
by mutual attraction. 

49. The force of attraction increases in 
proportion as bodies approach each other, and 
by the same law it must diminish in pro- 
portion as they recede from each other. 

50. Attraction, in technical language, is 
inversely as the squares of the distances 
between the two bodies. That is, in propor- 
tion as the square of the distance increases, Attraction. 
in the same proportion attraction decreases, 

and so the contrary. Thus, if at the distance of 2 feet, the 
attraction be equal to 4 pounds, at the distance of 4 feet, it 
will be only 1 pound ; for the square of 2 is 4, and the 
square of 4 is 16, which is 4 times the square of 2. On the 
contrary, if the attraction at the distance of 6 feet be 3 
pounds, at the distance of 2 feet it will be 9 times as much, 
or 27 pounds, because 36, the square of 6, is equal to 9 times 
4, the square of 2. 




What great natural bodies are examples of this law ? What is meant by attraction 
of gravitation 1 Can one body attract another without being itsell attracted 1 How 
is it proved that bodies attract each other 1 

2* 
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51. The intensity of light is found to increase and 
diminish in the same proportion. Thus, if a board a foot 
square, be placed at the distance of one foot from a candle, 
it will be found to hide the light from another board of two 
feet square, at the distance of two feet from the candle. 
Now a board of two feet square is just four times as large 
as one of one foot square, and therefore the light at double 
the distance being spread over 4 times the surface, has only 
one fourth the intensity. , 

52. The ex- Fig. 4. 
periment maybe r— - 
easily tried, or ....-■"" Jp> 

may be readily ---r^-C '.-- - • 

understood by , -;:'.r. "~£ g i "~ 

Fig. 4, where c q W)^'~:.'.'~'.. L-. Li 

represents the «i> "~ ~ -~~^J 

Candle, A the Dispersion of light. 

small board, and 

B the large one ; B being four times the size of A. 

The force of the attraction of, gravitation, is in proportion 
to the quantity of matter the attracting body contains. 

Some bodies of the same bulk contain a much greater 
quantity of matter than others ; thus a piece of lead contains 
about twelve times as much matter as a piece of cork of the 
same dimensions, and therefore a piece of lead of any given 
size, and a piece of cork twelve times as large, will attract 
each other equally. 

5^Capillary Attraction. — The force by which small 
tubes, or porous substances, raise liquids above their levels, is 
called capillary attraction. 

If a small glass tube be placed in water, the water on the 
inside will be raised above the level of that on the outside of 
the tube. The cause of this seems to be nothing more than 
the ordinary attraction of the particles of matter for each 
other. The sides of a small orifice are so near each other, 
as to attract the particles of the fluid on their opposite sides, 
and as all attraction is strongest in the direction of the 
greatest quantity of matter, the water is raised upwards, or 



of this 
the 



By what law, or rule, does the force of attraction increase 1 Give an example of 
rule? How is it shown that the intensity of light increases and diminishes in tti 
same proportion as the attraction of matter? Do bodies attract in nronortion tn 
bulk, or quantity of matter 1 What would be the difference of attraction between 
a cubic inch of lead, and a cube inch of cork ? Why would there be so tnneh riif 
ference? What is meant by capillary attraction ? How is this kind of a traction 
illustrated with a jjlass tube ? wmwawh 
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in the direction of the length of the tube. On the outside 
of the tube, the opposite surfaces, it is obvious, cannot act 
on the same column of water, and therefore the influence of 
attraction is here hardly perceptible in raising the fluid. 
This seems to be the reason why the fluid rises higher on 
the inside than on the outside of the tube. 

54. Diminution of Density. — In addition to attraction, as 
a cause by which water is sustained in capillary tubes, that 
of the rapid diminution of the density of the fluid at the 
surface, has been suggested. This circumstance, though it 
has been entirely neglected by former inquirers, is not only 
essential to the true investigation of the effects of capillary 
attraction, but it has been demonstrated, that if there was 
no loss of density at the surface of the liquid, it would 
always remain plane and horizontal in the tube. 

55. It is well known that mercury in a smallVertical tube 
is depressed around the sides next the glass, but lises in the 
centre, forming the section of a ball. This is owing to the 
strong attraction the particles of this metal have for each 
other, while they appear to have none for the glass. ' This 
attraction is beautifully shown by the little bright globules 
which mercury forms on being thrown on a smooth surface. 

56. A great variety of porous substances are capable of 
capillary attraction. If a piece of sponge or a lump of 
sugar be placed, so that its lowest corner touches the water, 
the fluid will rise up and wet the whole mass. In the same 
manner, the wick of a lamp will carry up the oil to supply 
the flame, though the flame is several inches above the level 
of the oil. If the end of a towel happens to be left in a 
basin of water, it will empty the basin of its contents. And 
on the same principle, when a dry wedge of wood is driven 
into the crevice of a rock, and afterwards moistened with 
water as when the rain falls upon it, it will absorb the 
water,' swell, and sometimes split the rock. In Germany, 
mill-stone quarries are worked in this manner. 

57. Chemical Attraction takes place between the particles 
of substances of different kinds, and unites them into one 
compound. 

58. This species of attraction takes place only between 



Why does the water rise higher in the tube than it does on the outside? Give 
some common illustrations of this principle. What is said of diminution of den- 
sity in accounting for capillary attraction 7 Why does mercury form a section of a 
ball in a glass tube 1 What is the effect of chemical attraction 7 By what other 
name is this kind of attraction known 1 
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the particles of certain substances, and is not, therefore, a 
universal property. It is also known under the name of 
chemical affinity, because the particles of substances having 
an affinity between them, will unite, while those having no 
affinity for each other do not readily enter into union. 

59. There seems, indeed, in this respect, to be very singu- 
lar preferences, and dislikes, existing among the particles of 
matter. Thus, if a piece of marble be thrown into sulphuric 
acid, their particles will unite with great rapidity and com- 
motion, and there will result a compound differing in all 
respects from the acid or the marble. But if a piece of 
glass, quartz, gold, or silver, be thrown into this acid, no 
change is produced on either, because their particles have 
no affinity. 

Sulphur and quicksilver, when heated together, will form 
a beautiful red compound, known under the name of ver- 
milion, and which has none of the qualities of sulphur or 
quicksilver. 

60. Oil and water have no affinity for each other, but 
potash has an attraction for both, and therefore oil and 
water will unite when potash is mixed with them. In this 
manner, the well-known article called soap is formed. But 
the potash has a stronger attraction for an acid than it has 
for either the oil or the water ; and therefore when soap is 
mixed with an acid, the potash leaves the oil, and unites 
with the acid, thus destroying the old compound, and at the 
same instant forming a new one. The same happens when 
soap is dissolved in any water containing an acid, as the 
water of the sea, and of certain wells. The potash forsakes 
the oil, and unites with the acid, thus leaving the oil to rise 
to the surface of the water. Such waters are called hard, 
and will not wash, because the acid renders the potash a 
neutral substance. 

61. Magnetic Attraction. — There is a certain ore of 
iron, a piece of which, being suspended by a thread, will 
always turn one of its sides to the north. This is called 
the loadstone, or natural magnet, and when it is brought near 
a piece of iron, or steel, a mutual attraction takes place, and 

What effect is produced when marble aikl sulphuric acid are brought together? 
Wliat is the effect when glass and tins acid are brought together' What is the 
reason ofthis difference ] How may oil and water be made to unite I Win is the 
cornpos.tion thus formed called! How does an acid destroy this compound? 
Wha ,s the reason that hard water will not nasi, I Wlm, \l a ,X " 

What is mean, by magnetic attraction J Wlmi is an artificial magnet * What is I 
magnetic needle > ■&«*■ wnai is a 
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under certain circumstances, the two bodies will come 
together and adhere to each other. This is called Magnetic 
Attraction. When a piece of steel or iron is rubbed with a 
magnet, the same virtue is communicated to the steel, and 
it will attract other pieces of steel, and if suspended by a 
string, one of its ends will constantly point towards the 
north, while the other, of course, points towards the south. 
Tins is called an artificial magnet. The magnetic needle is 
a piece of steel, first touched with the loadstone, and then 
suspended, so as to turn easily on a point. By means of 
this instrument, the manner guides his ship through the 
pathless ocean. See Magnetism. 

6 2. Electrical Attraction. — When a piece of glass, or 
sealing-wax, is rubbed with the dry hand, or a piece of cloth, 
and then held towards any light substance, such as hair or 
thread, the light body will be attracted by it, and will adhere 
for a moment, to the glass or wax. The influence which 
thus moves the light body is called Electrical Attraction. 
When the light body has adhered to the surface of the glass 
for a moment, it is again thrown off, or repelled, and this is 
called Electrical Repulsion. See Electricity. 

63. We have thus described and illustrated all the uni- 
versal or inherent properties of bodies, and have also noticed 
the several kinds of attraction which are peculiar, namely, 
Chemical, Magnetic, and Electrical. There are still several 
properties to be mentioned. Some of them belong to certain 
kinds of matter in a peculiar degree, while other kinds pos- 
sess them bu-t slightly, or not at all. These properties are 
as follows // y . 

G4. De^itv.^/T/u'a- property relates to the compactness of 
bodies, or the number of particles which a body contains within 
a given bulk. It is closeness of texture. 

Bodies which are most dense, are those which contain the 
least number of pores. Hence, the density of the metals is 
much greater than that of wood. Two bodies being of 
equal bulk, that which weighs most is most dense. Some 
of the metals may have this quality increased by hammer- 
ing, by which their pores are filled up, and their particles 
are brought nearer to each other. The density of air is 
increased by forcing more into a close vessel than it naturally 
contained. 



What is its vise? What is meant by electrical attraction 7 What is electrical 
repulsion 1 What is density 1 Wliatboaiesai-emostcler.se? How may this quality 
ased in the metals ! 
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65. Rarity. — This is the quality opposite to density, and 
means that the substance to which it is applied is porous and 
light. Thus, air, water, and ether are rare substances, while 
gold, lead, and platina are dense bodies. 

66. Hardness. — This property is not in proportion, as 
might be expected, to the density of the substance, but to the 
force with which the particles of a body cohere, or keep their 
places. 

Glass, for instance, will sciatch gold or platina, though 
these metals are much more dense than glass. It is proba- 
ble, therefore, that these metals contain the greatest number 
of particles, but that those of the glass are more firmly fixed 
in their places. 

Some of the metals can be made hard or soft at pleasure. 
Thus, steel, when heated, and then suddenly cooled, becomes 
harder than glass ; while, if allowed to cool slowly, it is soft 
and flexible. 

67. Elasticity is that property in bodies by which, after 
being forcibly compressed, or bent, they regain their original 
state when the force is removed. 

Some substances are highly elastic, while others want 
this property entirely. The separation of two bodies after 
impact, is a proof that one or both are elastic. In general, 
most hard and dense bodies possess this quality in greater 
or less degree. Ivory, glass, marble, flint, and ice, are elastic 
solids. An ivory ball, dropped upon a marble slab, will 
bound nearly to the height from which it fell, and no mark 
will be left on either. India rubber is exceedingly elastic, 
and, on being thrown forcibly against a hard body, will 
bound to an amazing distance. Steel, when hardened in a 
particular manner, and wrought into certain forms, possesses 
this property in the highest degree. Watch-springs, and 
those of carriages, as well as sword-blades, are examples. 
Gold, silver, copper, and platina, also have this property in a 
degree. 

Putty, dough, and wet clay are examples of the entire 
want of elasticity ; and if either of these be thrown against 
an impediment, they will be flattened, stick to the place 
they touch, and never, like elastic bodies, regain their for- 
mer shapes. 

What is rarity'! What are rare bodies'! What are dense bodies) How does 
hardness differ from density - ! Why will gla-=s scratch gold or platina! What 
metal can be made hard or soft at pleasure 1 What is meant by elasticity 7 How 
is it known that bodies possess this property ! Mention several elastic solids. Give 
examples of inelastic solids. 
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Among fluids, water, oil, and in general all such sub- 
stances as are denominated liquids, are nearly inelastic, 
while air, and the gaseous fluids, are the most elastic of all 
bodies. 

6S. Brittleness is the property which renders substances 
easily broken, or separated into irregular fragments. This 
property belongs chiefly to hard bodies. 

It does not appear that brittleness is entirely opposed to 
elasticity, since, in many substances, both these properties 
are united. Glass is the standard, or type of brittleness ; 
and yet a ball, or fine threads of this substance, are highly 
elastic, as may be seen by the bounding of the one, and the 
springing of the other. Brittleness often results from the 
treatment to which substances are submitted. Iron, steel, 
brass, and copper, become brittle when heated and suddenly 
cooled ; but if cooled slowly, they are not easily broken. 

69. Malleability. — Capability of being drawn under the 
hammer or rolling-press. 

This property belongs to some of the metals, but not to all, 
and is of vast importance to the arts and conveniences of life. 

The malleable metals are platina, gold, silver, iron, copper, 
lead, tin, and some others. Antimony, bismuth, and cobalt 
are brittle metals. Brittleness is, therefore, the opposite of 
malleability. 

Gold is the most malleable of all substances. It may be 
drawn under the hammer so thin that light may be seen 
through it. Copper and silver are also exceedingly mal- 
leable^/' 

70. Ductility is thit property in substances ichich render 
them susceptible of being drawn into wire. 

We should expect that the most malleable metals would 
also be the most ductile ; but experiment proves that this is 
not the case. Thus, tin and lead may be drawn into thin 
leaves, but cannot be drawn into small wire. Gold is the 
most malleable of all the metals, but platina is the most 
ductile. Dr. Wollaston drew platina into threads not much 
larger than a spider's web. 

71. Tenacity, in common language called toughness, refers 
to the force of cohesion among the particles of bodies. 

Do liquids possess this property 1 What are the most elastic of all substances 1 
What is brittleness 7 Are brittleness and elasticity ever found in the same substance I 
Give examples. How are iron, steel, and brass made brittle? What does mallea- 
bility mean ! What metals are malleable, and what are brittle 1 Which is the most 
malleable metal 1 What is meant by ductility ? Are the most malleable metals the 
nio^-t ductile ? What is meant by tenacity ? 



24 



PROPERTIES OP BODIES 



Tenacious bodies are not easily pulled apart. There is a 
remarkable difference in the tenacity of different substances. 
Some possess this property in a surprising degree, while 
others are torn asunder by the smallest force. 

72. Tenacity of Wood. — The following is a tabular view 
of the absolute cohesion of the principal kinds of timber 
employed in the arts, and in building, showing the weight 
which would rend a rod an inch square, and also the length 
of the rod, which, if suspended, would be torn' asunder by 
its own weight. 

73. It appears, by experiment, that the following is the 
average tenacity of the kinds of woods named ; but it is 
found that there is much difference in the strength of the 
same species, and even of the different parts of the same tree. 

74. The first line refers to the weight, and the other to 
the length, the wood being an inch square. 



Teak, . 

Oak, . . 
Sycamore, 

Beech, . 

Ash, . . 

Elm, . . 

Larch, . 



12,915 36,049 

11,880 32,900 

9,630 35,800 

12,225 38,940 

14,130 39,050 

9,540 40,500 

12,240 42,160 



75. Tenacity of the Metals. — The metals differ much more 
widely in their tenacity than the woods. According to the 
experiments of Mr. Rennie, the cohesive power of the sev- 
eral metals named below, each an inch square, is equal to 
the number of pounds marked in the table, while the feet 
indicate the length required to separate each metal by its 
own weight. 

Pounds. Feel. 

Cast steel, . . 134,256 39,455 

Malleable iron, . . 72,064 19,740 

Cast iron, . . . 19,096 6,110 

Yellow brass, . . 17,958 . . . . .5,180 

Cast copper, . . . 39,072 5 093 

Cast tin, .... 4,736 1 496 

Cast lead, . . . 1,824 34s 

The cohesion of fluids it is difficult to measure, though 

From what does this property arise 1 What metals are most tenacious 1 What 
metals are least tenacious 1 
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some indication of this property is derived by the different 
sizes of the drops of each on a plane surface. 

76. Recapitulation. — The common or essential properties 
of bodies are, Impenetrability, Extension, Figure, Divisibility. 
Inertia, and Attraction. Attraction is of several kinds, 
namely: attraction of Cohesion, attraction of Gravitation, 
Capillary attraction, Chemical attraction. Magnetic attrac- 
tion, and Electrical attraction. 

77. The peculiar properties of bodies are, Density, Rarity, 
Hardness, Elasticity. Brittleness, Malleability, Ductility, and 
Tenacity/ 



CHAP T E It II. 

GRAVITY 

78. The force by which bodies are drawn towards each other 
in the mass, and by which they descend towards the earth when 
let fall from a height, is called the force of gravity. 

79. The attraction which the earth exerts on all bodies 
near its surface is called terrestrial gravity ; and the force 
with which any substance is drawn downwards, is called 
its weight. 

80. All falling bodies tend downwards, or towards the 
centre of the earth, in a straight line from the point where 
they are let fall. If, then, a body descends, in any part of 
the world, the line of its direction will be perpendicular to 
the earth's surface. It follows, therefore, that two falling 
bodies, on opposite parts of the earth, mutually fall towards 
each other. 

81. Suppose a cannon ball to be disengaged from a height 
opposite to us, on the other side of the earth, its motion in 
respect to us would be upward, while the downward motion 
from where we stand, would be upward in respect to those 
who stand opposite to us on the other side of the earth. 

82. In like manner, if the falling body be a quarter, in- 
stead of half the distance round the earth from us, its line 
of direction will be directly across, or at right-angles with 
the line already supposed. 



Whal are the essentia] properties of bodies 1 How many kinds of attraction are 
there 1 What are the peculiar properties of bodies 1 What is gravity 1 What is 
terrestrial gravity 1 To what point in the earth do falling bodies tend ? In what 
direction will two falling bod es, from opposite parts of the earth, tend, in respect to 
each other - ! In what direction will one from half way between them meet their 
line 1 
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83. This will be read- 
ily understood by Fig. 5, 
where the circle is sup- 
posed to be the circum- 
ference of the earth, A, 
the ball falling towards ^ 
its upper surface, where ^k 
we stand ; B, a ball fall- JjJ 
ing towards the opposite 
side of the earth, but as- 
cending in respect to us ; 
and D, a ball descending 
at the distance of a quar- 
ter of the circle from the 
other two, and crossing 
the line of their direction 
at right-angles. 

84. It Will be Obvious, Direction of Falling Bodies. 

therefore, that what we 

call up and down, are merely relative terms ; and that what 
is down in respect to us, is up in respect to those who live 
on the opposite side of the earth, and so the contrary. Con- 
sequently, dozen every where means towards the centre of 
the earth ; and up, from the centre of the earth, because all 
bodies descend towards the earth's centre from whatever 
part they are let fall. This will be apparent when we con- 
sider that, as the earth turns over every 24 hours, we are 
carried with it through the points A, U, and B, Fig. 5 ; and, 
therefore, if a body is supposed to fall from the point A, say 
at 12 o'clock, and the same to fall again from the same 
point above the earth at 6 o'clock, the two lines of direction 
will be at right-angles, as represented in the figure, for that 
part of the earth which was under A at 12 o'clock, will be 
under D at 6 o'clock, the earth having in that time performed 
one quarter of its daily revolution. At 12 o'clock at night, 
if the Jaody be supposed to fall again, its line of direction 
will be at right-angles with that of its last descent, and, 
consequently, it will ascend in respect to the point from which 
it fell 12 hours before, because the earth would have then 
gone through one half her daily rotation, and the point A 
would be at B. 

How is this shown by the figure 1 Are the terms up and down relative or positive 
in their meaning ! What is understood by down in any pari of the earth! Sup- 
pose a ball be let fall at 12 and then at 6 o'clock, in what direction would the lines of 
their descent meet each other 1 
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The velocity of every falling body is uniformly accelerated 
in its approach towards the earth, from whatever height it falls. 

85. If a rock is rolled from a steep mountain, its motion 
is at first slow and gentle ; but, as it proceeds downwards, it 
moves with perpetually increased velocity, seeming to gather 
fresh speed every moment, until its force is such that every 
obstacle is overcome.. 



.... 



VELOCITY OF FALLING BODIES. 




80. The principle of increased velocity ^S- 6- 

as bodies descend from a height, is curiously 
illustrated by pouring molasses or thick 
syrup from an elevation to the ground. 
The bulky stream, Fig. 6, of perhaps two 
inches in diameter where it leaves the 
vessel, as it descends, is reduced to the 
size of a straw, or knitting-needle; but 
what it wants in bulk is made up in ve- 
locity, for the small stream at the ground 
will fill a vessel just as soon as the large 
one at the outlet. 

87. For the same reason, a man may 
leap from a chair without danger, but if 
he jumps from the house-top, his velocity 
becomes so much increased, before he 
reaches the ground, as to endanger his life 
by the blow. 

It is found, by experiment, that the mo- 
tion of a falling body is accelerated, in 
regular mathematical proportions. 

88. These increased proportions do not depend on the in- 
creased weight of the body, because it approaches nearer the 
centre of the earth, but on the constant operation of the force 
of gravity, which perpetually gives new impulses to the 
falling body, and increases its velocity. 

89. It has been ascertained by experiment, that a body, 
falling freely, and without resistance, passes through a space 
of 16 feet and 1 inch during the first second of time. Leav- 
ing out the inch, which is not necessary for our present pur- 
pose, the ratio of descent is as follows. 



Increased Velocity. 



What is said concerning the motions of falling bodies ? How is this increased ve- 
locity illustrated I Why is there any more danger in jumping from the house-top 
than from a chair \ What number of feet does a falling body pass through in the 
firsl second .' 
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90. If the height through which a body falls in one sec- 
ond of time be known, the height which it falls in any pro- 
posed time may be computed. For since the height is pro- 
portional to the square of the time, the height through winch 
it will fall in two seconds will be four times that which it 
falls through in one second. In three seconds it will fall 
through nine times that space ; in four seconds sixteen times 
that of the first second ; in five seconds, twenty-five times, and 
so on in this proportion. 

91. The following, therefore, is a general rule to find the 
height through which a body will fall in any given time. 

92. Rule. — Reduce the given time to seconds ; take the 
square of the number of seconds in the time, and multiply the 
height through which the body falls in one second by that num- 
ber, and the result will be the height sought. 

93. The following table exhibits the height in feet, and the 
corresponding times in seconds. 



Time 
Height 



1 | 2 I 3 
14 9 



4 
16 



5 | 6 
25 I 36 



7 
49 



9 

64 81 



10 
100 



94. Now, as the body falls at the rate of 16 feet during 
the first second, this number, according to the rule, multiplied 
by the square of the time, that is, by the numbers expressed 
in the second line, will show the actual distance through 
which the body falls. 

95. Thus we have for the first second 16 feet; for the end 
of the second, 4 x 16 = 64 feet ; third, 9 X 16= I 44 ; fourth, 
16x16 = 256; fifth, 25 x 16 = 400 ;' sixth, 36x16 = 576; 
seventh, 49 x 16 = 784 ; and for the 10 seconds 1600 feet. 

96. If, on dropping a stone from a precipice, or into a well, 
we count the seconds from the instant of letting it fall until 
we hear it strike, we may readily estimate the height of the 
precipice, or the depth of the well. Thus, suppose it is 5 
seconds in falling, then we only have to square the seconds, 
and multiply this by the distance the body falls in one sec- 
ond. We have then 5 x 5 = 25, the square, which 25 X 16 
= 400 feet, the depth of the well. 

97. Thus it appears, that to ascertain the velocity with 
which a body falls in any given time, we must know how 
many feet it fell during the first second : the velocity acquired 
in one second, and the space fallen through during that time 

If a body fall from a certain height in two seconds, what proportion to this will it 
fall in four seconds I What is the rule by which the height from which a body falls 
snay be found I How many feel will a body fall in nine .seconds 1 
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being the fundamental elements of the whole calculation, 
and all that are necessary for the computation of the vari 
ous circumstances of falling bodies. 

98. The difficulty of calculating exactly the velocity of a 
falling body from actual measurement of its height, and the 
time which it takes to reach the ground, is so great, that no 
accurate computation could be made from such an experiments^' 

9^T At wood's Machine. This difficulty has however been 
overcome by a c urious piece of machinery invented by Mr. 
Atwood. ThisTconsists of an upright pillar, with a wheel 
on the top, as shown by Fig. 7. 
The weights A and B are of the 
same size and are made to balance 
each other, exactly, being connect- 
ed by a thread passing over the 
wheel. The ring R admits the 
weight A, to fall through it in its 
passage to the stage S, on which 
it rests. The ring and stage slide 
up and down, and are fastened by 
a thumb screw. The pillar is a 
graduated scale, and M is a small 
bent wire, weighing a quarter of 
an ounce, and longer than the di- 
ameter of the ring. 

100. When the machine is to 
be used, the weight A is drawn 
up to the top of the scale, and the 
ring and stage are placed a cer- 
tain number of inches from each 
other. The small bar M, is then 
placed across the weight A, by 
means of which it is made slowly 
to descend. When it has de- 
scended to the ring, the small 
weight M, is taken off by the 
ring, and thus the two weights are 
left equal to each other. Now it 
must be observed, that the motion 
and descent of the weight A, is 
entirely owing to the gravitating 
force of the weight M. until it arrives at the ring R, when 

Is the velocity of a falling body calculated from actual measurement, or by a ma- 
chine ? 

o 
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the action of gravity is suspended, and the large weight con- 
tinues to move downwards to the stage, in consequence oi 
the velocity it had acquired previously to that time 

101. To comprehend the accuracy of this machine, it 
must be understood that the velocities of gravitating bodies 
are supposed to be equal, whether they are large or small, 
this being the case when no calculation is made for the re- 
sistance of the air. Consequently, the weight of a quarter 
of an ounce placed on the large weight A, is a representa- 
tive of all other solid descending bodies. The slowness of 
its descent, when compared with freely gravitating bodies, 
is only a convenience by which its motion can be accurately 
measured, for it is the increase of velocity which the ma- 
chine is designed to ascertain, and not the actual velocity of 
falling bodies. 

102. Now it will be readily comprehended, that in this 
respect, it makes no difference how slowly a body falls, pro- 
vided it follows the same laws as other descending bodies, and 
it has already been stated, that all estimates on this subject 
are made from the known distance a body descends during 
the first second of time. 

103. It follows, therefore, that if it can be ascertained ex- 
actly, how much faster a body falls during the third, fourth. 
or fifth second, than it did during the first second, by know- 
ing how far it fell during the first second, we should be able 
to estimate the distance it would fall during all succeeding 
seconds. 

104. If, then, by means of a pendulum beating seconds, 
the weight A should be found to descend a certain number of 
inches during the first second, and another certain number 
during the next second, and so on, the ratio of acceleration 
would be precisely ascertained, and could be easily applied 
to the falling of other bodies ; and this is the use to which 
this instrument is applied. 

105. It will be readily conceived, that solid bodies falling 
from great heights, must ultimately acquire an amazing ve- 
locity by this proportion of increase. An ounce ball of lead, 
let fall from a certain height towards the earth, would thus 
acquire a force ten or twenty times as great as when shot 
out of a rifle. By actual calculation, it has been found that 



Describe the operation of Mr. Atwood's machine for estimating the velocities of 
falling bodies. After the small weight is take n off by the ring, why does the large 
weight continue to descend ? Does his machine show the actual velocity of a fall- 
ing body, or only its increase 1 
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were the moon to lose her projectile force, which counter- 
balances the earth's attraction, she would fall to the earth 
in four days and twenty hours, a distance of 240,000 miles. 
And were the earth's projectile force destroyed, it would fall 
to the sun, without resistance, in sixty-four days and ten 
hours, a distance of 95,000,000 of miles. 

100. Every one knows by his own experience, the different 
effects of the same body falling from a great or small height. 
A boy will toss up his leaden bullet and catch it with his 
hand, but he soon learns, by its painful effects, not to throw 
it too high. The effects of hailstones on window glass, 
animals, and vegetation, are often surprising, and sometimes 
calamitous illustrations of the velocity of falling bodie^^ 

in;. It has been already stated, that the velocities/of solid 
bodies falling from a given height, towards the earth, are 
equal, or in other words, that an ounce ball of lead will de- 
scend in the same time as a pound ball of lead. 

108. This is true in theory, but there is a slight difference 
in this respect in favor of the velocity of the larger body, 
owing to the resistance of the atmosphere. We, however, 
shall at present consider all solids, of whatever size, as de- 
scending through the same spaces in the same times, this 
being exactly true when they pass without resistance. 

1 09. To comprehend the reason of this, we have only to 
consider, that the attraction of gravitation in acting on a 
mass of matter acts on every particle it contains ; and thus 
every particle is drawn down equally and with the same 
force. The effect of gravity, therefore, is in exact proportion 
to the quantity of matter the mass contains, and not in pro- 
portion to its bulk. A ball of lead of a foot in diameter, and 
one of wood of the same diameter, are obviously of the same 
bulk ; but the lead contains twelve particles of matter where 
the wood contains only one, and consequently will be at- 
tracted with twelve times the force, and therefore will weigh 
twelve times as much. 

110. Attraction proportionable to the quantity of matter. — 
If, then, bodies attract each other in proportion to the quaiv 
tities of matter they contain, it follows that if the mass of 

Would it be possible for a rifle ball to acquire a greater force by falling, than if 
shot from ;i rill. ' How long would it take the moon to come to the earth accord- 
in.' to the law of incn ased ve'ocity 1 How Ions would it take the earth to fall to 
,|,e ..in i What familiar illustrations are given ol the force acquired by the velocity 
of faUina bodies ' \\ ill a small and large bodv fall through the same space in the 
earn, inn, ' On what parts of a mass of matter does the force of gravity act? 
Is the effect ol'gravity in proportion to bulk, or quantity ol matter ? Were the mass 
of the earth doubled, how much more should we weigh than we do now 1 
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the earth were doubled, the weights of all bodies on its sur- 
face would also be doubled ; and if its quantity of matter 
were tripled, all bodies would weigh three times as much as 
they do at present. 

111. It follows, also, that two attracting bodies, when free 
to move, must approach each other mutually. If the two 
bodies contain like quantities of matter, their approach will 
be equally rapid, and they will move equal distances towards 
each other. But if the one be small and the other large, the 
small one will approach the other with a rapidity propor- 
tioned to the less quantity of matter it contains. 

112. It is easy to conceive, that if a man in one boat pulls 
• at a rope attached to another boat, the two boats, if of the 

same size, will move towards each other at the same rate ; 
but if the one be large and the other small, the rapidity with 
which each moves will be in proportion to its size, the large 
one moving with as much less velocity as its size is greater. 

113. A man in a boat pulling a rope attached to a ship, 
seems only to move the boat, but that he really moves the 
ship is certain, when it is considered, that a thousand boats 
pulling in the same manner would make the ship meet them 
half way. 

114. It appears, therefore, that an equal force acting on 
bodies containing different quantities of matter, move them 
with different velocities, and that these velocities are in an 
inverse proportion to their quantities of matter. 

115. In respect to equal forces, it is obvious that in the 
case of the ship and single boat, they were moved towards 
each other by the same force, that is, the force of a man 
pulling by a rope. The same principle holds in respect to 
attraction, for all bodies attract each other equally, according 
to the quantities of matter they contain, and since all attrac- 
tion is mutual, no body attracts another with a greater force 
than that by which it is attracted. 

116. Suppose a body to be placed at a distance from the 
earth, weighing two hundred pounds ; the earth would then 

attract the body with a force equal to two hundred pounds 
and the body would attract the earth with an equal force' 
otherwise their attraction would not be equal and mutual' 
Another body weighing ten pounds, would be attracted with 

Suppose one body moving towards another, three times as la™, hv t>.» <•„ „ t 
gravity what would be their proportional veKesT Ifow 1 'thf* MSrfl 
Does a large body attract a small one with any more force than iiJnn -,'?•« i 
Suppose a body weighing 200 pounds to be n lace J -it , 5| , lS a " ra «t«11 

with how mu/h force does tr/earth attract the tody J ^^ f ''° m the £ar,h » 
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a force equal to ten pounds, and so of all bodies according 
to the quantity of matter they contain ; each body being at- 
tracted by the earth with a force equal to its own weight, 
and attracting the earth with an equal force. 

117. If, for example, two boats be connected by a rope, 
and a man in one of them pulls with a force equal to 100 
pounds, it is plain that the force on each vessel would be 100 
pounds. For, if the rope were thrown over a pulley, and a 
man were to pull at one end wifh a force of 100 pounds, it is 
plain it would take 100 pounds at the other end to balancp/ 

118. Attracting bodies approach each other. — It is inferred 
from the above principles, that all attracting bodies which 
are free to move, mutually approach each other, and there- 
fore that the earth moves towards every body which is raised 
from its surface, with a velocity and to a distance propor- 
tional to the quantity of matter thus elevated from its surface. 
But the velocity of the earth being as many times less than 
that of the falling body as its mass is greater, it follows that 
its motion is not perceptible to us. 

1 19. The following calculation will show what an im- 
mense mass of matter it would take, to disturb the earth's 
gravity in a perceptible manner. 

120. If a ball of earth equal in diameter to the tenth part 
of a mile, were placed at the distance of the tenth part of a 
mile from the earth's surface, the attracting powers of the 
two bodies would be in the ratio of about 512 millions of mil- 
lions to one. For the earth's diameter being about 8000 
miles, the two bodies would bear to each other about this 
proportion. Consequently, if the tenth part of a mile were 
divided into 512 millions of millions of equal parts, one of 
these parts would be nearly the space through which the 
earth would move towards the falling body. Now, in the 
tenth part of a mile there are about 6400 inches, consequently 
this number must be divided into 512 millions of millions of 
parts, which would give the eighty thousand millionth part 
of an inch through which the earth would move to meet a 
body the tenth part of a mile in diameter// 

ASCENT OF BODIES. 

121. Having now explained and illustrated the influence 
of gravity on bodies moving downward and horizontally, it 

With what force does the body attract the earth t Suppose a man in one boat, 
pulls with a force of 100 pounds at a rope fastened to another boat, what would b« 
the force on each boat 1 How is this illustrated 1 
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remains to show how matter is influenced by the Fig 8. 
same power when bodies are thrown upward, or d( 
contrary to the force of gravity. 

What has been stated in respect to the velocity 
of falling bodies is reversed in respect to those 
which are thrown upwards, for as the motion of a 
falling body is increased by the action of gravity, 
so is it retarded by the same force when projected 
from the centre of gravity. 

A bullet shot upwards, every instant loses a 
part of its velocity, until having arrived at the 
highest point from whence it was thrown, it then 
returns again to the earth. 

The same law that governs a descending body, 
governs an ascending one, only that their motions 
are reversed. 

The same ratio is observed to whatever distance 
the ball is propelled, for as the height to which 
it is thrown may be estimated from the space it 
passes through during the first second, so its return- 
ing velocity is in a like ratio to the height to which 
it was sent. 

This will be understood by Fig. 8. Suppose a 
ball to be propelled from the point a, with a force 
which would carry it to the point b in the first second, 
to c in the next, and to d in the third second. It 
would then remain nearly stationary for an instant, 
and in returning would pass through the same 
spaces in the same times, only that its direction 
would be reversed. Thus it will fall from d to c, 
in the first second, to b in the next, and to a in 
the third. 

Now the momentum of a moving body is as its velocity 
and its quantity of matter, and hence the same ball will 
fall with the same force that it rises. For instance a ball 
shot out of a rifle, with a force sufficient to overcome a cer- 
tain impediment, on returning would again overcome the 
same impediment. 



Suppose the body falls towards the earth, is the earth set in motion bv its attrac- 
tion? Why isnot the earth's motion towards it perceptible i What distance would 
a body, the tenth part of a mile in diameter, placed at the distance of a tenth naJ nf 
a mile, attract the earth towards it 7 Wliai eff. ct does the force of gravity haveM 
bodies moving upward"! Are upward and downward motion governed bv the 
same laws 7 Explain Fig. 8. What is the difference between the upward and re 
turning velocity of the same body ? ' m anu re 
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FALL Of LIGHT BODIES. 

122. It has been stated that the earth's attraction acts 
equally on all bodies, containing equal quantities of matter, 
and that in vacuo, all bodies, whether large or small, de- 
scend from the same heights in the same time. (111.) 

123. There is, however, a great difference in the quanti- 
ties of matter which bodies of the same bulk contain, and 
consequently a difference in the resistance which they meet 
with in passing through the air. 

124. Now, the fall of a bo \y containing a large quantity 
of matter in a small bulk, meets with little comparative re- 
sistance, while the fall of another, containing the same 
quantity of matter, but of larger size, meets with more in 
comparison, for two bodies of the same size meet with ex- 
actly the same resistance. Thus if we let fall a ball of 
lead, and another of cork, of two inches in diameter each, 
the lead will reach the ground before the cork, because, 
though meeting with the same resistance, the lead has the 
greatest power of overcoming it. 

125. This, however, does not affect 
the truth of the general law already 
established, that the loeights of bodies 
are as the quantities of matter they con- 
tain. It only shows that the pressure of 
the atmosphere prevents bulky and 
porous substances from falling with the 
same velocity as those which are com- 
pact or dense. 

126. Were the atmosphere removed, 
all bodies, whether light or heavy, large 
or small, would descend with the same 
velocity. This has been ascertained 
by experiment in the following manner: 

127. The air-pump is an instrument, 
by means of which the air can be 
pumped out of a close vessel, as will be 
seen under the article Pneumatics. 
Taking this for granted at present, the 
experiment is made in the following 
manner : 

128. On the plate of the ah>pump A, 

,, .* . l l Feather and Guinea. 

place the tall jar B, which is open at 

Why will not a sack of leathers and a stone of the same size fall through the air 
in the same time ? 
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the bottom, and has a brass cover fitted closely to the top. 
Through the cover let a wire pass, air tight, having a small 
cross at the lower end. On each side of this cross, place a 
little stage, and so contrive them that by turning the wire 
by the handle C, these stages shall be upset. On one of 
the stages place a guinea or piece of lead, and on the 
other place a feather. When this is arranged, let the air be 
exhausted from the jar by the pump, and then turn the 
handle C, so that the guinea and feather may fall from their 
places, and it will be found that they will both strike the 
plate at the same instant. Thus is it demonstrated, that 
were it not for the resistance of the atmosphere, a bag of 
feathers and one of guineas would fall from a^given height 
with the same velocity and in the same time. 




CHAPTER III. 
y MOTION. 

129 /Motion may be defined, a continued change of place 
with regard to a fixed point. 

130. Without motion there would be na rising nor setting 
of the sun — no change of seasons — no fall of rain — no build- 
ing of houses, and finally no animal life. Nothing can be 
done without motion, and therefore without it, the whole 
universe would be at rest and dead. 

131. In the language of philosophy, the power which puts 
a body in motion is called force. Thus it is the force of 
gravity that overcomes the inertia of bodies, and draws them 
towards the earth. The force of water and steam gives 
motion to machinery, &c. 

132. For the sake of convenience, and accuracy in the 
application of terms, motion is divided into two kinds viz. ; 
absolute and relative. 

133. Absolute motion is a change of place with regard 
to a fixed point, and is estimated without reference to & the 
motion of any other body. When a man rides alon°- the 



Does this affect the truth of ft e general law, that the weights of bodies are as 
their quantities of matter ? What would be the effect on the fi,ll of li °ht and heaw 
bodies, were the atmosphere removed? How is if nroveri it,- 1 , -. < ■ , '"'"'"'^y 

How will yow define motion 1 What would be the conseaue ire w «■ n ™ / . 
cere 1 # v, is that power called which puts a body hi mS 7 " l ° 
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street, or when a vessel sails throught the water, they are 
both in absolute motion. 

134. Relative motion is a change of place in a body, 
with respect to another body, also in motion, and is estima- 
ted from that other body, exactly as absolute motion is from 
a fixed point. 

135. The absolute velocity of the earth in its orbit from 
west to east, is 68,000 miles in an hour ; that of Mars, in 
the same direction, is 55,000 miles per hour. The earth's 
relative velocity, in this case, is 13,000 miles per hour from 
west to east. That of Mars, comparatively, is 13,000 miles 
from east to west, because the earth leaves Mars that dis- 
tance behind her, as she would leave a fixed point. 

136. Rest, in the common meaning of the term, is the 
opposite of motion, but it is obvious that rest is often a rela- 
tive term, since an object may be perfectly at rest with re- 
spect to some things, and in rapid motion in respect to others. 
Thus, a man sitting on the deck of a steamboat, may move 
at the rate of fifteen miles per hour, with respect to the land, 
and still be at rest with respect to the boat. (And so, if an- 
other man was running on the deck of the same boat at the 
rate of fifteen miles the hour in a contrary direction, he 
would be stationary in respect to a fixed point, and ,still be 
running with all his might, with respect to the boat.) 

VELOCITY OF MOTION. 

1 37. Velocity is the rate of motion at which a body moves 
from one place to another. 

138. Velocity is independent of the weight or magnitude 
of the moving body. Thus a cannon ball and a musket 
ball, both flying at the rate of a thousand feet in a second, 
have the same velocities. 

139. Velocity is said to be uniform, when the moving body 
passes over equal spaces in equal times. " If a steamboat 
moves at the rate of ten miles every hour, her velocity is 
uniform. The revolution of the earth from west to east is a 
perpetual example of uniform motion. 

140. Velocity is accelerated, when the rate of motion is 
increased, and the moving body passes through unequal 
spaces in equal times. Thus when a falling body moves 

How is motion divided 1 What is absolute motion ? What is relative motion 1 
What is the earth's relative velocity in respect to Mars ? In what respect is a man 
in a steamboat at rest, and in what respect does he move'? What is velocity 1 
When is velocity uniform f When is velocity accelerated 1 

4 
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sixteen feet during the first second, and forty-eight feet dur- 
ing the next second, and so on, its velocity is accelerated. 
A boJy falling from a height freely through the air, is the 
most perfect example of this kind of velocity. 

141. Retarded velocity, is when the rate of motion of the 
body is constantly decreased, and it is made to move slower 
and slower. A ball thrown upwards into the air, has its 
velocity constantly retarded by the attraction of gravitation, 
and consequently, it moves slower every moment. (121.) 

/ FORCE, OR MOMENTUM OF MOVING BODIES. 

142. The velocities of bodies are equal, when they pass 
over equal spaces in the same times ; but the force with 
which bodies, moving at the same rate, overcome impedi- 
ments, is in proportion to the quantity of matter they contain. 
This power, or force, is called the momentum of the moving 
body. 

143. Thus, if two bodies of the same weight move with 
the same velocity, their momenta will be equal. 

144. Two vessels, each of a hundred tons, sailing at the 
rate of six miles an hour, would overcome the same impedi- 
ments or be stopped by the same obstructions. Their mo- 
menta would therefore be the same. 

145. The force or momentum of a moving body, is in pro- 
portion to its quantity of matter, and its velocity. 

146. A large body moving slowly, may have less momenta 
than a small one moving rapidly. Thus, a bullet shot out of 
a gun, moves with much greater force than a stone thrown 
by the hand. 

147. The momentum of a body is found by multiplying its 
quantity of matter by its velocity per second. Thus, if the 
velocity be 2, and the weight 2, the momentum will be 4. 
If the velocity be 6, and the weight of the body 4, the mo- 
mentum will be 24. 

148. If a moving body strikes an impediment, the force 
with which it strikes, and the resistance of the impediment, 
are equal. Thus, if a boy throw his ball against the side of 
the house, with the force of 3, the house resists it with an 
equal force, and the ball rebounds. If he throws it against 

Give illustrations of these two kinds of velocity. What is meant by retarded ve- 
locity i Give an example of retarded velociiy. Whal is in, ant by the momentum 
of a body? When will the momenta of two bodies be equal ! Give an examnle 
When has a small body more momentum than a large one "! By what rule is the 

r^'r'.v^T °' a !? 0< ? y l 0U ?V When a movi " g bod >' Etikes a » impediment, which 
receives the greatest shock ? 
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a pane of glass with the same force, the glass having only 
the power of 2 to resist, the ball wilLffo through the glass, 
still retaining one third of its force^' 

149. Pile Driver. — This machme consists of a frame and 
pulley, by which a large piece of cast iron, called the ham- 
mer, is raised to the height of 30 or 40 feet, and then let fall 
on the end of a beam of wood called a pile, and by which 
it is driven into the ground. When the hammer is large, 
and the height considerable, the force, or momentum, is tre- 
mendous, and unless the pile is hooped with iron, will split 
it into fragments. 

150. Now the momentum of a body being in proportion to 
its weight and velocity conjointly, to find it, we must mul- 
tiply their two sums together. 

Suppose then the hammer, weighing 2000 pounds, is ele- 
vated two seeonds of time above the head of the pile, then, 
according to the law of falling bodies, (92) it would fall 64 
feet, this being the rate of its velocity. Then 64 x 2000, 
being the velocity and quantity of matter, gives 64 tons as 
the momentum. But according to the same law, this force 
is immensely increased by a small increase of time, for if 
we add two seconds of time, the rate of velocity at the in- 
stant of striking would be 256 feet per second, and thus / 2 
256x2000 = 543,000 pounds, or 256 tons. / 

151. Action and reaction equal. — From observations made 
on the effects of bodies striking each other, it is found that 
action and reaction are equal ; or, in other words, that force 
and resistance are equal. Thus, when a moving body 
strikes one that is at rest, the body at rest returns the blow 
with equal force. 

This is illustrated by the well-known fact, that if two 
persons strike their heads together, one being in motion, and 
the other at rest, they are both equally hurt. 

152. The philosophy of action and reaction is finely il- 
lustrated by a number of ivory balls, suspended by threads, 
as in Fig. 10, so as to touch each other. If the ball a be 
drawn from the perpendicular, and then let fall, so as to strike 
the one next to it, the motion of the falling ball will be com- 
municated through the whole series, from one to the other. 
None of the balls except/, will, however, appear to move. 



What is a pile driver ? If the hammer of this machine weighs 2000 pounds, and 
falls 2 seconds, what will be the momentum 1 If the fall be 3 seconds, what is the 
momentum ! How is the momentum of a falling body lound ? What is the law of 
action and re-action ? How is this illustrated "> 
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This will be understood, when Fig. 10. 

we consider that the reaction 
of b is just equal to the ac- 
tion of a, and that each of 
the other balls, in like man- 
ner, act, and react, on the 
other, until the motion of a 
arrives at/, which, having 
no impediment, or nothing 
to act upon, is itself put in 
motion. It is therefore, re- 
action, which causes all the 
balls, except /, to remain at 
rest. 

153. It is by a modification 
of the same principle, that 

rockets are impelled through Action and Reaction. 

the air. The stream of ex- 
panded air, or the fire, which is emitted from the lower end 
of the rocket, not only pushes against the rocket itself, but 
against the atmospheric air, which, reacting against the air 
so expanded, sends the rocket along. 

154. It was on account of not understanding the princi- 
ples of action and reaction, that the man undertook to make 
a fair wind for his pleasure boat, to be used whenever he 
wished to sail. He fixed an immense bellows in the stern 
of his boat, not doubting that the wind from it would carry 
him along. But on making the experiment, he found that 
his boat went backwards instead of forwards. The reason 
is plain. The reaction of the atmosphere on the stream of 
wind from the bellows, before it reached the sail, moved the 
boat in a contrary direction. Had the sail received the 
whole force of the wind from the bellows, the boat would not 
have moved at all, for then, action and reaction would have 
been exactly equal, and it would have been like a man's at- 
tempting to raise himself over a fence by the straps of his 
boots/ 

REFLECTED MOTION. 

155.- It has been stated (27) that all bodies, when once 
set in motion, would continue to move straight forward, un- 

When one of the ivory balls strikes the other, why doc i the most distant one only 
move? On what principle are rockets impelled through the a r ! In the experi- 
ment with the boat and bellows, why did the bout move I) icltwards ? Why would 
\t not have moved at all, had the sail received all the wind from the bellows 1 
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til some impediment, acting in a contrary direction, should 
bring them to rest ; continued motion without impediment 
being a consequence of the inertia of matter. 

156. Such bodies are supposed to be acted upon by a sin- 
gle force, and that in the direction of the line in which they 
move. Thus, a ball sent out of a gun, or struck by a bat, 
turns neither to the right nor left, but makes a curve towards 
the earth, in consequence of another force, which is the at- 

iii of gravitation, and by which, together with the re- 
sistance of the atmosphere, it is finally brought to the ground. 

157. The kind of motion now to be considered, is that 
which is produced when bodies are turned out of a straight 
line by some force, independent of gravity. 

158. A single force, or impulse, sends the body directly 
forward, but another force, not exactly coinciding with this, 
will give it a new direction, and bend it out of its former 
course. 

159. If, for instance, two moving bodies strike each other 
obliquely, they will both be thrown out of the line of their 
former direction. This is called reflected motion, because it 
observes the same laws as reflected light. 

160. The bounding of a ball; the skipping of a stone 
over the smooth surface of a pond ; and the oblique direction 
of an apple, when it touches a limb in its fall, are examples 
of reflected motion. 

161. By experiments on this kind of motion, it is found 
that moving bodies observe certain laws, in respect to the di- 
rection they take in rebounding from any impediment they 
happen to strike. Thus, a ball, striking on the floor, or wail 
of a room, makes the same angle in leaving the point where 
it strikes, that it does in approaching it. 

162. Suppose a, b, 

Fig. 1 1, to be a mar- Fig. 1 1 . 

ble floor, and c, to be 
an ivory ball, which 
has been thrown to- 
wards the floor in 
the direction of the 
line c e ; it will re- 
bound in the direC- Reflected Motion. 

tion of the line e d, 

thus making the two angles f and g exactly equal. 

Suppose a body is acted on, and set in motion by a single force, in what direction 
will it move 1 

4* 
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a larger or 
same rule. 




163. If the ball approaches the floor under 
smaller angle, its rebound will observe the 
Thus, if it fell in the 

line h k Fig. 12, its Fig. 12. 

rebound would be in 
the line k i, and if it 
was dropped perpen- 
dicularly from /to k, 
it would return in 
the same line to I. 
The angle which 
the ball makes with 
the perpendicular 
line, I k, in its ap- 
proach to the floor, . 

is called the angle of incidence, and that which it makes in 
departing from the floor with the same line, is calledthe an- 
gle of reflection, and these angles are always equal./ 

- COMPOUND MOTION. 

161. Compound /notion is that which is produced by two or 
more forces, acting in different directions, on the same body, at 
the same time. This will be readily understood by a diagram. 

165. Suppose the ball 

a, Fig. 13, to be moving (} tl S '■'• 

with a certain velocity 
in the line b c, and sup- 
pose that at the instant 
when it came to the point 
a, it should be struck 
with an equal force in 
the direction of d e, then 
as it cannot obey the 
direction of both these 
forces, it will take a 
course between them, 
and fly off in the direc- 
tion of f. 

166. The reason of 




Compound Motion. 



What is the motion called, when a body is turned out of a straight line by another 
force? What illustrations can you give of reflected motion! What laws are ob- 
served in reflected motion 7 Suppose a ball to be thrown on the floor in a certain 
direction, what rule will it observe in rebounding 1 What is the angle called, which 
the ball makes in approaching the floor 1 What is the angle called, which it makes 
in leaving the floor f What is the difference between these angles ? 
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this is plain. The first force would carry the ball from b to 
c; the second would carry it from d to e; and these two 
forces being equal, gives it a direction just half way between 
the two, and therefore it is sent towards/". 

167. The line a f, is called the diagonal of the square, and 
results from the cross forces, b and d, being equal to each 
other. If one of the moving forces is greater than the other, 
then the diagonal line will be lengthened in the direction of 
the greater force, and instead of being the diagonal of a 
square, it will become that of a parallelogram. 

1G3. Suppose the 
force in the direction ^ l g- 14. 

of a b, should drive 
the ball with twice the 
velocity of the cross 
force c J, Fig. 14, then 
the ball would go twice 
as far from the line c d, 
as from the line b a, and 
e f would be the diago- 
nal of a parallelogram 
whose length is double 
its breadth. 

169. Suppose a boat, in crossing a river, is rowed 
forward at the rate of four miles an hour, and the cur- 
rent of the river is at the same rate, then the two cross 
forces will be equal, and the line of the boat will be the 
diagonal of a square, as in Fig. 13. But if the current be 
four miles an hour, and the progress of the boat forward 
only two miles an hour, then the boat will go down stream 
twice as fast as she goes across the river, and her path will 
be the diagonal of a parallelogram, as in Fig. 14, and there- 
fore to make the boat pass directly across the stream, it must 
be rowed towards some point higher up the river than the 
landing place; a fact well known to boatmen. 

170. Circus Rider. — Those who have seen feats of horse- 
manship at the circus, are often surprised that when the man 
leaps directly upward, the horse does not pass from under 
him, and that in descending he does not fall behind the 
animal. But it should be considered that, on leaving the 




Diagonal Motion. 



What is compound motion 7 Suppose a ball, moving with a certain force, to be 
struck crosswise with the same force, in what direction will it move ? Suppose it 
to b j struck with half its former force, in what direction will it move ? What is the 
1 tie n J. Fig. 13, called? What is the line e/, Fig. 14, called 1 How are these 
figures illustrated 1 



44 



CIRCULAR MOTION 



saddle, the body of the rider has the same velocity as that 
of the horse ; nor does his leaving the horse by jumping 
upward, in any degree diminish his velocity in the same 
direction ; his motion being continued by the impulse he had 
gained from the animal. In this case, the body of the man 
describes the diagonal of a parallelogram, one side of which 
is in the direction of the horse's motion, and the other per- 
pendicularly upward, in the direction in which he makes 
the leap. 



CIRCULAR MOTION. 



171. Circular motion is that of a body in a ring, or circle, 
and is produced by the action of two forces. By one of these 
forces, the moving body tends to fly off in a straight line, while 

by the other it is drawn towards the centre, and thus it is made 
to revolve, or move round in a circle. 

172. The force by which a body tends to go off in a 
straight line, is called the centrifugal force ; that which keeps 
it from flying away, and draws it towards the centre, is called 
the centripetal force. 

173. Bodies moving in circles are constantly acted upon 
by these two forces. If the centrifugal force should cease, 
the moving body would no longer perform a circle, but would 
approach the centre of its own motion. If the centripetal 
force should cease, the body would instantly begin to move 
off in a straight line, this being, as we have explained, the di- 
rection which all bodies take when acted on by a single force. 

174. Suppose a cannon 
ball, Fig. 15, tied with a 
string to the centre of a 
slab of smooth marble, and 
suppose an attempt be made 
to push this ball with the 
hand in the direction of b ; 
it is obvious that the string 
would prevent its going to 
that point ; but would keep 
it in the circle. In this case 
the string is the centripetal 
force. 

1 75. Now suppose the ball 
to be kept revolving with ra- 




Centrifugal Force. 



Why does the leaping circus rider form the diagonal of a parallelogram ! 



CIRCULAR MOTION 45 

pidity, its velocity and weight would cause its centrifugal 
force ; and if the string were cut, when the ball was at the 
point c, for instance, this force would carry it off in the line 
towards b. 

176. The greater the velocity with which a body moves 
round in a circle, the greater will be the force with which it 
would tend to fly off in a right line. 

177. Thus, when one wishes to sling a stone to the 
greatest distance, he makes it whirl round with the greatest 
possible rapidity, before he lets it go. Before the invention 
of other warlike instruments, soldiers threw spones in this 
manner, with great force and dreadful effects/' 

178. The line about which a body revolves, is called its 
axis of motion. The point round which it turns, or on which 
it rests, is called the centre of motion. In Fig. 15, the point 
d, to which the string is fixed, is the centre of motion. In 
the spinning-top, a line through the centre of the handle to 
the point on which it turns, is the axis of motion. 

179. In the revolution of a wheel, that part which is at the 
greatest distance from the axis of motion, has the greatest 
velocity, and, consequently, the greatest centrifugal force, 

180. Suppose the wheel 

Fig. 16, to revolve a certain j^ \q 

number of times in a minute, 
the velocity of the end of the 
arm at the point a, would be 
as much greater than its mid- 
dle at the point b, as its dis- 
tance is greater from the axis 
of motion, because it moves 
in a larger circle, and conse- 
quently the centrifugal force 
of the rim c, would, in like 
manner, be as its distance 
from the centre of motion. 

181. Large wheels, which Revolving Wheel. 

are designed to turn with 

great velocity, must, therefore, be made with corresponding 

Wh it is circular motion ? How is this motion produced 1 What is the centrifu- 
gal force 1 What is the centripetal force 1 Suppose the centrifugal force should 
cease, in what direction would the body move I Suppose the centripetal lorce 
should cease, where would the body go? Explain Fig. 15. What constitutes the 
centrifugal force of the body moving round in a circle? How is this illustrated 7 
What is the axis of motion 7 What is the centre of motion 7 Give illustrations? 
What part of a revolving wheel has the greatest centrifugal force ? Why must large 
wheels, turning with great velocity, be strongly made? 
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strength, otherwise the centrifugal force will Overcome the 
cohesive attraction, or the strength of the fastenings, in 
which case the wheel will fly in pieces. This sometimes 
happens to the large grindstones used in gun factories, and 
the stone either flies away piece-meal, or breaks in the 
middle, to the great danger of the workmen. 

182. Were the diurnal velocity of the earth about seven- 
teen times greater than it is, those parts at the greatest dis- 
tance from its axis would begin to fly off in straight lines 
as the water does from a grindstone when it is turned rapidly. 

CENTRE OF GRAVITY. 

183. The centre of gravity, in any body or sy stein of bodies 
is that point upon which the body, or system of bodies, acted 
upon only by gravity, will balance itself in all positions. 

184. The centre of gravity, in a wheel made entirely of 
wood, and of equal thickness, would be exactly in its centre 
of motion. But if one side of the wheel were made of iron 
and the other part of wood, its centre of gravity would be 
changed to some point, aside from the centre of the wheel. 

185. Thus, the centre of gravity 
in the wooden wheel. Fig. 17, is 
at the axis on which it turns; 
but were the arm a, of iron, its 
centre of motion and of gravity 
would no longer be the same, but 
while the centre of motion re- 
mained as before, the centre of 
gravity would fall to the point a. 
Thus the centre of motion and of 
gravity, though often at the same 
point, are not always so. 

186. When a body is shaped 
irregularly, or there are two or 
more bodies connected, the centre of gravity is the point on 
which they will balance without falling. 




Centre of Gravity. 



Fig 18. 



Fig. 19. 




What would be the consequence, were the velocity of the earth seventeen times 
preater than it is 1 Where is the centre of gravity in a body ? 
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187. If the two balls A and B, Fig. 18, weigh each four 
pounds, the centre of gravity will be a point on the bar 
equally distant from each. 

188. But if one of the balls be heavier than the other, 
then the centre of gravity will, in proportion, approach the 
larger ball. Thus, in Fig. 1 9, if C weighs two pounds, and 
D eight pounds, this centre will be four times the distance 
from C that it is from D. 

189. In a body of equal thickness, as a board, or a slab 
of marble, but otherwise of an irregular shape, the centre of 
gravity may be found by suspending it, first from one point, 
and then from another, and marking, by means of a plumb 
line, the perpendicular ranges from the point of suspension. 
The centre of gravity will be the point where these two lines 
cross each other. 

Thus, if the irregular shaped piece of board, Fig. 20, be 
suspended by making a hole through it at the point A, and 
at the same point suspending the plumb line C, both board 
and line will hang in the position represented in the figure. 
Having marked this line across the board, let it be suspended 
again in the position of Fig. 21, and the perpendicular line 
again marked. The point where these lines cross, is the 
centre of gravity, as seen by Fig. 22. 



Fi S . 20 



Fig. 22. 




Finding the Centre of Gravity. 



190. Importance of the subject. — It is often of great con- 
sequence, in the concerns of life, that the subject of gravity 
should be well considered, since the strength of buildings, 
and of machinery, often depends chiefly on the gravitating 
point. 



Where is Ihe centre of gravity in a wheel made of wood ? If one side is made of 
wood, and the other of iron, where is the centre ? Is the centre of motion and of 
gravity always the same 1 When two bodies are connected, as by a bar between 
them, where is the centre of gravity 7 In aboard of irregular shape, by what method 
is the centre of gravity found 1 
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191. Common experience teaches, that a tall object, with 
a narrow base, or foundation, is easily overturned; but 
common experience does not teach the reason, for it is only 
by understanding principles, that practice improves experi- 
ment. 

192. An upright object will fall to the ground, when it, 
leans so much that a perpendicular line from its centre of 
gravity falls beyond its base. A tall chimney, therefore, 
with a narrow foundation, such as are commonly built at the 
present day, will fall with a very slight inclination. 

193. Now, in falling, the centre of gravity passes through 
the part of a circle, the centre of which is at the extremity 
of the base on which the body stands. This will be com- 
prehended by Fig 23. 

194. Suppose the pi 23< Fig. 24. 
figure to be a block WfZMtV'W 
of marble, which is 
to be turned over, 
by lifting at the 
corner A, the cor- 
ner B would be the 
centre of its mo- 
tion, or the point 

on which it would turn. The centre of gravity, C, would, 
therefore, describe the part of a circle, of which the corner, 
B, is the centre. 

195. It will be found that the greatest difficulty in turning 
over a square block of marble, is in first raising up the centre 
of gravity, for the resistance will constantly become less, in 
proportion as the point approaches a perpendicular line over 
the corner B, which, having passed, it will fall by its own 
gravity. 

196. The difficulty of turning over a body of a particular 
form, will be more strikingly illustrated by the figure of a 
triangle, or low pyramid. 

197. In Fig. 24, the centre of gravity is so low, and the 
base so broad, that in turning it over, a great proportion of its 
whole weight must be raised. Hence we see the firmness 
of the pyramid in theory, and experience proves its truth ; for 
buildings are found to withstand the effects of time, and the 




In what direction must the centre of gravity be from the outside of the base, 
before the object will fall "! In falling, the centre of gravity passes through part of 
a circle ; where is the centre of this circle ? In turning over a body why does the 
force required constantly become less and less ? Why is there less force required to 
overturn a cube, or square, than a pyramid of the same weight '< 
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Fig. 25. 




commotions of earthquakes, in proportion as they approach 
this figure. 

The most ancient monuments of the art of building, now 
standing, the pyramids of Egypt, are of this form. 

198. Movement of a ball. — When a ball is rolled on a hori- 
zontal plane, the centre of gravity is not raised, but moves 
in a straight line, parallel to the surface of the plane on which 
it rolls, and is consequently always directly over its centre 
of motion. 

199. Suppose, Fig. 25, A is the 
plane on which the ball moves, 
B the line on which the centre of 
gravity moves, and C a plumb line, 
showing that the centre of gravity 
must always be over the centre of 
motion, when the ball moves on a 
horizontal plane — then we shall 
see the reason why a ball moving 
on such a plane, will rest with 
equal firmness in any position, and 

why so little force is required to set it in motion. For in no 
other figure does the centre of gravity describe a horizontal 
line over that of motion, in whatever direction the body is 
moved. 

200. If the plane is inclined downwards, the ball is in- 
stantly thrown into motion, because the centre of gravity 
then falls forward of that of motion, or the point on which 
the ball rests. 

201. This is explained by Fig. 26, 
where A is the point on which the 
ball rests, or the centre of motion, B 
the perpendicular line from the centre 
of gravity, as shown by the plumb 
weight C. 

If the plane is inclined upward, 
force is required to move the ball in 
that direction, because the centre of 
gravity then falls behind that of mo- 
tion, and therefore this point has to be 
constantly lifted. This is also shown 



Fig. 26. 
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When a ball is rolled on a horizontal plane, in what direction does the centre of 
gravity move > Explain Fig. 25. Why does a ball on a horizontal plane rest equally 
well in all positions ? Why does it move with little lorce 1 If the plane is inclined 
downwards, why does the ball roll in that direction ? Why is force required to 
move a ball up an inclined plane "> 
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by Fig. 26, only considering the ball to be moving up the 
inclined plane instead of down it. 

202. From these principles, it will be readily understood 
why so much force is required to roll a heavy body, as a 
hogshead of sugar, for instance, up an inclined plane. The 
centre of gravity falling behind that of motion, the weight is 
constantly acting against the force employed to raise the 
body. 

203. Illustration by blocks. — One of the 
best illustrations of this subject may be 
made by a number of square blocks of wood, 
placed on each other as in Fig. 27 ; forming 
a leaning tower. Where five blocks are 
placed in this position, the point of gravity 
is near the centre of the third block, and is 
within the base as shown by the plumb 
line. But on adding another block, the 
gravitating point falls beyond the base, and 
the whole will now fall by its own weight. 
The student having such blocks, (and they 
may be picked up about any joiner's shop.) 
will convince himself, that however care- 
fully his leaning tower is laid up. it will not 
stand when the centre of gravity falls an 
inch or two beyond the supp 

204. We may learn, from these comparisons, that it is 
more dangerous to ride in a high carriage than a low one, in 
proportion to the elevation of the vehicle, and the nearness 
of the wheels to each other, or in 
proportion to the narrowness of the 
base, and the height of the centre 
of gravity. A load of hay, Fig. 28, 
upsets where one wheel rises 
but little above the other, because 
it is broader on the top than the 
distance of the wheels from each 
other ; while a load of stone is very 
rarely turned over, because the cen- 
tre of gravity is near the earth, and 
its weight between the wheels, in- 
stead of being far above them. 

205. Centre of gravity in man. — 
In man the centre of gravity is be- 
tween the hips, and hence, were Lotuio/rr,, 




Leaning Tower. 
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his feet tied together, and his arms tied to his sides, a very 
slight inclination of his body would carry the perpendicular 
of his centre of gravity beyond the base, and he would fall. 
But when his limbs are free to move, he widens his base, 
and changes this centre at pleasure, by throwing out his 
arms, as circumstances require. 

206. When a man runs, he inclines forward, so that the 
centre of gravity may hang before his base, and in this po- 
sition he is obliged to keep his feet constantly advancing, 
otherwise he would fall forward. 

207. A man standing on one foot, cannot throw his body 
forward without at the same time throwing his other foot 
backward, in order to keep the centre of gravity within the 
base. 

208. A man, therefore, standing with his heels against a 
perpendicular wall, cannot stoop forward without falling, be- 
cause the wall prevents his throwing any part of his body 
backward. A person little versed in such things, agreed to 
pay a certain sum of money for an opportunity of possessing 
himself of double the sum, by taking it from the floor with 
his heels against the wall. The man, of course, lost his 
money, for in such a posture, one can hardly reach lower 
than his own knee. 

209. The base on which a man is supported, in walking 
or standing, is his feet, and the space between them. By 
turning the toes out, this base is made broader, without 
taking much from its length, and hence persons who turn 
their toes outward, not only walk more firmly, but more 
gracefully, than those who turn them inward. 

210. In consequence of the upright position of man, he is 
constantly obliged to employ some exertion to keep his bal- 
ance. This seems to be the reason why children learn to 
walk with so much difficulty ; for after they have strength 
to stand, it requires considerable experience so to balance the 
body as to set one foot, before the other without falling. 

211. By experience in the art of balancing, or of keeping 
the centre of gravity in a line over the base, men sometimes 
perform things that, at first sight, appear altogether beyond 

Why is a body, shaped like Fig. 27, easily thrown down ? Hence, in riding in a 
carriage, how is the danger of upsetting proportioned ? How may the point of gravity 
be found by means of a number of square blocks? Where is the centre ot man s 
gravity 1 Why will a man fall with a slight inclination, when his feet and arms are 
tied? Why cannot one who stands with his heels against a wall stoop forward? 
Why does a person walk most firmly, who turns his toes outward ? Why does not 
a child walk as soon as he can stand ? In what does the art of balancing, or walking 
on a rope, consist ? 
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human power, such as dining with the table and chair stand- 
ing on a single rope, dancing on a wire, &c. 

212. Illustration by Trees. — No form, under which matter 
exists, escapes the general law of gravity, and hence vegeta- 
bles, as well as animals, are formed with reference to the 
position of this centre, in respect to the base. 

It is interesting, in reference to this circumstance, to ob- 
serve how exactly the tall trees of the forest conform to this 
law. 

2 1 3. The pine, which grows a hundred feet high, shoots 
up with as much exactness, with respect to keeping its cen- 
tre of gravity within the base, as though it had been directed 
by the plumb line of a master builder. Its limbs towards 
the top are sent ofivin conformity to the same law ; each one 
growing in respect to the other, so as to preserve a due bal- 
ance between the whole. 

Shepherds of Landes. — Men, as already noticed, by prac- 
tice in the art of balancing, perform feats which are wonder 
ful to all beholders. The 



shepherds of Landes, in the 
south of France, are perhaps 
the only people who apply 
this art to the common bu- 
siness of life. These men 
walk on stilts from four to 
five feet high ; and their chil- 
dren, when quite young, who 
are intended to take the 
places of their fathers as 
shepherds, are taught this 
art in order to qualify them 
for business. 

To strangers, passing their 
district, these men cut a figure 
at once ludicrous and sur- 
prising. Fig. 29. But it is 
for their own convenience 
that this singular custom 
has been adopted, for by this 
means the feet are kept out 
of the water which covers 
their land in the winter, and 



Fie. 29. 




Shrphcrd of Landes. 



What is observed in the growth of the trees of the forest, in pi pprct lo Die laws of 
gravity ? What principle is involved in Fig. 29, 
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from the heated sand in the summer. Besides these com- 
forts, the sphere of vision over a flat country is materially in- 
creased by the elevation, so that the shepherd can see his 
flock at a much greater distance than from the ground. 

By habit, it is said these men acquire the art of balancing 
themselves so perfectly as to run, jump, and dance on these 
stilts with perfect ease. They walk with surprising quick- 
ness, so that footmen have to do their best to keep up with 
them. / 

y , CENTRE OF INERTIA. 

' / 

2 14/ It will be remembered that inertia (22) is one of the 
inherent, or essential properties of matter, and that it is in 
consequence of this property, when bodies are at rest, that 
they never move without the application of force, and when 
once in motion, that they never cease moving without some 
external cause. (27.) 

215. Now, inertia, though like gravity, it resides equally 
in every particle of matter, must have, like it, a centre in 
each particular body, and this centre is the same with that 
of gravity. 

216. In a bar of iron, six feet long and two inches square, 
this centre is just three feet from each end, or exactly in the 
middle. If, therefore, the bar is supported at this point, it 
will balance equally, and because there are equal weights 
on both ends, it will not fall. 

Now suppose a bar should be raised by raising up the 
centre of gravity, then the inertia of all its parts would be 
overcome equally with that of the middle. The centre of 
gravity is, therefore, the centre of inertia. 

217. But, suppose 

the same bar of iron, Fig. 30. 

whose inertia was .^HHHk 

overcome by raising /""~\ A. ^^ ^^^ 

the centre, to have |g|jP £ ||||j .,^j 

balls of different ^HlllP^ 

Weights attached to Centre of Inertia. 

its ends ; then the cen- 
tre of inertia would no longer remain in the middle of the bar, 
but would be changed to the point A, Fig. 30, so that to lift 
the whole, this point must be raised, instead of the middle, 
as before. 

What effect does inertia have on bodies at rest 1 What effect does it have on bodies 
in motion 1 Is the centre of inertia, and that of gravity, the same ? Where is the 
centre of inertia in a body, or a system of bodies? Why is the point of inertia 
changed, by fixing different weights to the ends of the iron bar 1 

5* 
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EQUILIBRIUM. 

218. When two forces counteract, or balance each other, they 
are said to be in equilibrium. 

It is not necessary for this purpose that the weights op- 
posed to each other should be equally heavy, for we have 
just seen that a small weight, placed at a distance from the 
centre of inertia, will balance a large one placed near it. 
To produce equilibrium, it is only necessary that the weights 
on each side of the support should mutually counteract each 
other, or if set in motion, that their momenta should be equal. 

A pair of scales are in equilibrium when the beam is in a 
horizontal position. 

219. To produce equilibrium in solid bodies, therefore, it is 
only necessary to support the centre of inertia, or gravity. 

220. If a body, or sever- 
al bodies, connected, be Fig. 31. 
suspended by a string, as 
in Fig. 31, the point of 
support is always in a 
perpendicular line above 
the centre of inertia. The 
plumb line, D, cuts the 
bar connecting the two 
balls at this point. Were 
the two weights in this 
figure equal, it is evident 
that the hook, or point of Equilibrium. 
support, must be in the 

middle of the string, to preserve the horizontal position. 

When a man stands on his right foot, he keeps himself in 
equilibrium, by leaning to the right, so as to bring his cen- 
tre of gravity in a perpendicular line over the foot on which 
he stands. 




CURVILINEAR, OR BENT MOTION. 



221. We have seen that a single force acting on a body 
(155,) drives it straight forward, and that two forces acting 
crosswise, drive it midway between the two, or give it a 
diagonal direction, (165.) 

What is meant by equilibrium 1 To produce equilibrium, must the weights be 
equal 7 When is a pair of scales in equilibrium ? When a body is suspended by a 
string, where must the support be with respect to the point of inertia ? What is 
meant by curvilinear motion'? 
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222. Curvilinear motion differs from both these ; the direc- 
tion of the body being neither straight forward nor diagonal, 
but through a line which is curved. 

This kind of motion may be in any direction ; but when 
it is produced in part by gravity, its direction is always to- 
wards the earth. 

223. A stream of water from an aperture in the side of a 
vessel, as it falls towards the ground, is an example of a 
curved line ; and a body passing through such a line, is said 
to have curvilinear motion. Any body projected forward, as 
a cannon ball, or rocket, falls to the earth in a curved line. 

224. It is the action of gravity across the course of the 
stream, or the path of the ball, that bends it downwards, 
and makes it form a curve. The motion is, therefore, they 
result of iwo forces, that of projection, and that of gravity/ 

22$/7n jets of water, the shape of the curve will de- 
pend on the velocity of the stream. When the pressure 
of the water is great, the stream, near the vessel, is nearly 
horizontal, because its velocity is in proportion to the pressure. 
When a ball first leaves the cannon, it describes but a slight 
curve, because its projectile velocity is then greatest. 

22G. The curves described by jets of water under different 
degrees of pressure, are readily illustrated by tapping a tall 
vessel in several places, one above the other. 

The action of gravity being always the same, the shape 
of the curve described must depend on the velocity of the 
moving body ; but whether the projectile force be great or 
small, the moving body, if thrown horizontally, will reach 
the ground from the same height in the same time. 

227. This, at first thought, would seem improbable ; for, 
without consideration, most persons would assert, that, if two 
cannons were fired from the same spot at the same instant, 
and in the same direction, one of the balls falling half a 
mile, and the other a mile distant, that the ball which went 
to the greatest distance would take the most time in per- 
forming its journey. 

228. But it must be remembered, that the projectile force 
does not in the least interfere with the force of gravity. A 
ball flying horizontally, at the rate of a thousand feet per 

What are examples of this kind of motion 1 What two forces produce this mo- 
tion 1 On what does the shape of the curve depend 1 How are the curves ^cr.bed 
by ieta of water illustrated I What difference is there in respect to h e .me taken 
by a body to reach the ground, whether the curve he great or sma 1? Why do 
Kdieefo/ming different curves from the same height reach the ground at the same 
time 1 Suppose two balls, one flying at the rate of a thousand and the other at the 
rate of a hundred feet per second, which would descend most during the second 1 



ejg CURVILINEAR MOTION 

second, is attracted downwards with precieoly the same force 
as one flying only a hundred feet per second, and must, there- 
fore, descend the same distance in the same time. 

229. The distance to which a ball will go, depends on the 
force of impulse given it the first instant, and, consequently, 
on its projectile velocity. If it moves slowly, the distance 
will be short ; if more rapidly, the space passed over will be 
greater. It makes no difference, then, in respect to the de- 
scent of the ball, whether its projectile motion be fast or 
slow, or whether it moves forward at all. 

230. Falling of Cannon Balls. — This is demonstrated by 
experiment. Suppose a cannon to be loaded with a ball, and 
placed on the top of a tower, at such a height from the 
ground, that it would take just three seconds for the ball to 
descend from it to the ground, if let fall perpendicularly. 
Now, suppose the cannon to be fired in an exact horizontal 
direction, and, at the same instant, the ball to be dropped 
towards the ground. They will both reach the ground at 
the same instant, provided its surface be a horizontal plane 
from the foot of the tower to the place where the projected 
ball strikes. 

Fig. 32. 




Path of a Cannon Ball. 

231. This will be demonstrated by Fig. 32, where a is the 
perpendicular line of the descending ball, c b the curvilinear 
path of that projected from the cannon, and d the horizontal 
line from the foot of the tower. 



Does it make any olifference in respect to the descent of the ball, whether it has a 
projectile motion or not f Suppose, then, one ball be fired from a cannon, and 
another let fall from the same height at the same instant, would they both reach the 
ground at the same time 1 Explain Fig. 32, showing the reason why the two balls 
will reach the ground at the same time. 
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The reason why the two balls reach the ground at the 
same time, is easily comprehended. 

232. During the first second, suppose that the ball which 
is dropped reaches 1 ; during the next second, it falls to 2 ; 
and, at the end of the third second, it strikes the ground. 
Meantime, the ball shot from the cannon is projected for- 
ward with such velocity as to reach 4 in the same time that 
the other is falling to 1. But the projected ball falls down- 
ward as fast as the other, for it meets the line 1, 4, which 
is parallel to the horizon at the same instant. During the 
next second, the projected ball reaches 5, while the other 
arrives at 2 ; and here again they have both descended 
through the same downward space, as is seen by the line 
2, 5, which is parallel with the other. During the third 
second, the ball from the cannon will have nearly spent its 
projectile force, and, therefore, its motion downward will be 
greater, while its motion forward will be less than before. 
The reason of this will be obvious when it is considered 
that, in respect to gravity, both balls follow the same law, 
and fall through equal spaces in equal times. Therefore, as 
the falling ball descends through the greatest space during 
the last second, so that from the cannon, having now a less 
projectile motion, its downward motion is more direct, and 
like all falling bodies, its velocity is increased as it ap- 
proaches the earth. 

233. From these principles it may be inferred, that the 
horizontal motion of a body through the air, does not inter- 
fere with its gravitating motion towards the earth, and, 
therefore, that a rifle ball, or any other body projected hori- 
zontally, will reach the ground in the same period of time/ 
as one that is let fall perpendicularly from the same height/ 

234. The two forces acting on bodies which fall through 
curved lines, are the same as the centrifugal and centripetal 
forces, already explained ; the centrifugal, in case of the 
ball, being caused by the powder — the centripetal, being the 
action of gravity, (174.) 

Now the space through which a cannon ball, or any other 
body, can be thrown, depends on the velocity with which it 
is projected ; for the attraction of gravitation, and the resist- 
ance of the air, acting perpetually, the time which a projec- 
tile can be kept in motion through the air is only a few 
moments. 

Why does the ball approach the earth more rapidly in the last part of the curve 
than in the first part ? 
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235. Perpetual revolution. — If the projectile be thrown from 
an elevated situation, it is plain that it would strike at a 
greater distance than if thrown on a level, because it would 
remain longer in the air. Every one knows that he can 
throw a stone to a greater distance when standing on a steep 
hill, than when standing on the plain below. 

236. Suppose the 
circle, Fig. 33, to be 
the earth, and a, a 
high mountain on its 
surface. Suppose that 
this mountain reaches 
above the atmosphere, 
or is fifty miles high, 
then a cannon ball 
might perhaps reach 
from a to i, a distance 
of eighty or a hun- 
dred miles, because 
the resistance of the 
atmosphere being out 
of the calculation, it 
would have nothing 
to contend with, ex- 
cept the attraction of 

gravitation. If, then, one degree of force, or velocity, would 
send it to b, another would send it to c ; and if the force 
was increased three times, it would fall to d, and if four 
times, it would pass to e. If, now, we suppose the force to be 
about ten times greater than that with which a cannon ball 
is projected, it would not fall to the earth at any of these 
points, but would continue its motion until it again came to 
the point a, the place from which it was first projected. It 
would now be in equilibrium, the centrifugal force being just 
equal to that of gravity, and, therefore, it would perform 
another and another revolution, and so continue to revolve 
around the earth perpetually. 

237. It is these two forces which retain the heavenly 




Perpetual Revolution of a Ball. 



What is the force called which throws a ball forward ? What is that called which 
brings it to the ground 1 On what does the distance to which a projected body may 
be thrown, depend 1 Why does the distance depend on the velocity 1 Explain 
Fig. 33. Suppose the velocity of a cannon ball idiot from a mountain 50 mil< s high 
to be ten times its usual rate, where would if stop! When would this ball bi ill 
equilibrium? Why would not the lone of gravitj ultimately bring the ball to the 
earth 7 After the first revolution, if the two forces continued the same, would not 
the motion of the ball be perpetual 1 
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bodies in their orbits ; and, in the case we have supposed, 
our cannon ball would become a little satellite, moving per- 
petually round the earth. 

g GUNNERY. 

238yThe laws of projectiles, above explained, apply to 
the science of gunnery, a subject which, ever since the dis- 
covery of gunpowder, has occasionally attracted the atten- 
tion of philosophers of the first rank. 

Anybody, of whatever kind, when thrown into the atmos- 
phere, becomes a projectile ; and the art of gunnery consists 
in projecting solids with force and accuracy towards objects 
at a distance. 

239. The first accurate series of experiments made on this 
subject, were those of Mr. Benjamin Robins, published in 
1742. In this work, which is still considered one of much 
elegance and accuracy, the author treats fully of the resist- 
ance of the atmosphere, the force of gunpowder of different 
compositions, the advantages and defects of guns of various 
kinds, and, indeed, of nearly every thing relating to military 
projectiles. 

240. Another set of experiments on gunnery was made 
by Dr. Hutton, in 1775, and repeated, or extended, during 
several succeeding years. These authors, together with Dr. 
Gregory, in 1815, appear to have exhausted the subject of 
gunnery, as no experiments of much consequence have since 
been published. 

The works of Robins and Hutton, at the present day, 
appear to afford the best data for the theory and practice of 
the science in question. 

241. VjELOcm of the Ball. — There are several methods 
of determining the velocity of the ball. Mr. Robins invented 
what is called the ballistic pendulum. This is a heavy, thick 
block of wood, so suspended as to swing freely about an axis, 
and into which the ball is fired. This being too thick for it 
to pass through, the whole momentum of the ball is trans- 
ferred to the block, and the degree of motion given it shows 
what the momentum has been. Hence, the relative weights 
of the ball and the wood being known, the velocity of the 
former is readily computed. 

What is a projectile 1 In what does the art of gunnery consist ? At what time, 
and by whom, were the first accurate experiments in gunnery made t By what 
methods are the velocities of balls determined 1 
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242. Another method is by means of the recoil of the gun. 
The principle involved here is, that the explosive force of the 
powder communicates equal quantities of motion both to 
the ball and the gun, in opposite directions. Hence, by 
suspending the gun, loaded with weights, like a pendulum, 
the extent of its arc of vibration will indicate the force of 
the charge of powder employed ; and, by knowing the 
weights of the gun and ball, the velocity of the latter is 
determined. 

243. From such data, Dr. Hutton constructed the' table 
below, the gun throwing an iron ball of one pound weight. 
It shows the quantity of powder, velocity of the ball, the 
range, or distance the ball was thrown, and the time. 



POWDER. 


VELOCITY PER SECOND. 


DISTANCE. 


TIME OF FLIGHT. 


Ounces. 


Feel. 


Feet. 


Seconds. 


2 


800 


4100 


9 


4 


1230 


5100 


12 


8 


1640 


6000 


14* 


12 


1680 


6700 


15i 



244. By other experiments, it is found that the velocity of 
the ball increases with the charge to a certain point, which 
is peculiar to each gun, and that from this point it diminishes 
as the charge is increased, until the bore is quite full : hence, 
overloading a gun, so far from increasing, diminishes the 
destructive effects. 

245. It is found, also, that there is no difference in the 
velocity of the ball caused by varying the weight of the 
gun. 

From the above table, it may be seen that doubling the 
charge of powder from 2 to 4 ounces, increased the velocity 
from 800 to 1230 feet, while adding one-third from 8 to 12 
ounces, only gave an increase of velocity of 40 feet to the 
second. 

246. The greatest velocity of a ball ever observed, was 
about 2000 feet at the moment when it left the gun ; and to 
obtain this, it was found that one-third more powder was 



What is said of an increase or diminution of the force of the ball by varvin" the 
Charge of powder 1 Does the weight of the gun vary the force of the ball J What 
is the greatest velocity at which a ball can be thrown i 
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required than that which gave a velocity of 1600 or 1700 
feet per second. 

247. Power and Destruction. — The power of penetration 
which a ball has, is proportional to the square of its velocity. 
Hence, when the object is merely to penetrate, as in the 
breaching of a fortification, the greatest velocity should be 
given. But in naval engagements, great velocities are not 
the most destructive, the ball having just sufficient force to 
go through the ship's side doing the most mischief/ 
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248. Suppose two men to be sailing in two boats, each at 
the rate of four miles an hour, at a short distance opposite 
to each other, and suppose as they are sailing along in this 
manner, one of the men throws the other an apple. In re- 
spect to the boats, the apple would pass directly across from 
one to the other, that is, its line of direction would be at right 
angles with the sides of the boats. But its actual line through 
the air would be oblique, or diagonal, in respect to the sides 
of the boats, because, in passing from boat to boat, it is im- 
pelled by two forces, viz., the force of the motion of the boat 
forward, and the force by which it is thrown by the hand 
across this motion. 

249. This diagonal motion of the apple is called the result- 
ant, or the resulting motion, because it is the effect or result 
of two motions resolved into one. Perhaps this will be more 
clear by Fig. 34, where 
A B, and C D, are supposed 
to be the sides of the two 
boats, and the line E F, 
that of the apple. Now 
the apple, when thrown, 
has a motion with the boat 
at the rate of four miles 
an hour, from C towards 
D, and this motion is sup- 
posed to continue just as 

though it had remained in the boat. Had it remained in the 



A 



Fig. 34 




E H 

Diagonal Motion. 



D 



What is said of the destructive effects of the ball ? Suppose two boats sailing at 
the same rate and in the same direction, if an apple be tossed from one to the other, 
what will be its direction in respect to the boats? What would be its line through 
the air in respect to Ihe boats? What is this kind of motion called? Why is it 
called resultant motion? Explain Fig. 34. Why would the line of the apple be 
actually at right angles in respect to the boats, but oblique in respect to parallel lines 
drawn from where it was thrown and where it struck? 

6 
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boat during the time it was passing from E to F, it would 
have passed from E to H. But we suppose it to have been 
thrown at the rate of eight miles an hour, in the direction 
towards G ; and if the boats are moving south, and the apple 
thrown towards the east, it would pass in the same time 
twice as far towards the east as it did towards the south. 
Therefore, in respect to the boats, the apple would pass at 
right angles from the side of one to that of the other, 
because they are both in motion. But in respect to a 
right line, drawn from the point where the apple was 
thrown, and a parallel line with this, drawn from the point 
where it strikes the other boat, the line of the apple would 
be oblique. This will be clear, when we consider that, 
when the apple is thrown, the boats are at the points E and 
G, and that when it strikes, they are at H and F, these two 
points being opposite to each other. 

The line E F, through which the apple is thrown, is 
called the diagonal of a parallelogram, as already explained 
under compound motion. 

250. On 'the above principle, if two ships, during a battle, 
are sailing before the wind at equal rates, the aim of the 
gunners will be exactly the same as though they stood still ; 
whereas, if the gunner fires from a ship standing still at 
another under sail, he takes his aim forward of the mark he 
intends to hit, because the ship would pass a little forward 
while the ball is going to her. And so, on the contrary, if 
a ship in motion fires at another standing still, the aim must 
be behind the mark, because, as the motion of the ball 
partakes of that of the ship, it will strike forward of the 
point aimed at. 

251. For the same reason, if a ball be dropped from the 
topmast of a ship under sail, it partakes of the motion of the 
ship forward, and will fall in a line with the mast, and strike 
the same point on the deck as though the ship stood still. 

252. If a man upon the full run drops a bullet before him 
from the height of his head, he cannot run so fast as to 
overtake it before it reaches the ground. 

253. It is on this principle, that if a cannon ball be shot 
up vertically from the earth, it will fall back to the same 
point ; for, although the earth moves forward while the ball 



How is this further illustrated 1 When the ships are in equal motion where docs 
the gunner take his aim I Why does he aim forward of the mark w tnt he olher 
S ^' P o IS m ,? 10t,on 7 If a shi P in mo,iou fires at 0Ile standing still, where must be th« 
urn 1 Why, in this case, must the aim be behind the mark J Wh at otl^r illustra 
turns are given of resultant motion 1 iiiustra- 
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is in the air, yet, as it carries this motion with it, so the ball 
moves forward, also, in an equal degree, and, therefore, comes 
down at the same place. 

254. Ignorance of these laws induced the story-making 
sailor to tell his comrades that he once sailed in a ship 
which went so fast, that when a man fell from the mast- 
head, the ship sailed away and left the poor fellow to strike 
into the water behind her. 



Fig. 35. 



PENDULUM. 

255. A pendulum is a heavy body, such as a piece of brass 
or lead, suspended by a wire or cord, so as to swing backwards 
and forwards. 

When a pendulum swings, it is said to vibrate ; and that 
part of a circle through which it vibrates, is called its arc. 

256. The times of the vibration of a pendulum are very 
nearly equal, whether it pass through a greater or less part 
of its arc. 

Suppose A and B, Fig. 35, to be two pendulums of equal 
length, and suppose the weights of each are carried, the one 
to C, and the 
other to D, and 
both let fall at 
the same in- 
stant; their vi- 
brations would 
be equal in re- 
spect to time, 
the one pass- 
ing through its 
arc from C to 
E, and so back 
again in the 
same time that 
the other passes from D to F, and back again. 

The reason of this appears to be, that when the pendulum 
is raised high, the action of gravity draws it more directly 
downwards, and it therefore acquires in falling a greater 
comparative velocity than is proportioned to the trifling dif- 
ference of height. 




Pendulum. 



What is a pendulum ? What is meant by the vibration of a pendulum? What 
is that part of a circle called through which it swings ) Why does the pendulum 
vibrate in equal time whether it goes through a small or large part of its arc? 
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257. In the common clock, the pendulum is connected 
with wheel-work, to regulate the motion of the hands, and 
with weights, by which the whole is moved. The vibra- 
tions of the pendulum are numbered by a wheel having thirty 
teeth, which revolves once in a minute. Each tooth, there- 
fore, answers to one vibration of the pendulum, and the wheel 
moves forward one tooth in a second. Thus the second hand 
revolves once in every sixty beats of the pendulum ; and, as 
these beats are seconds, it goes round once in a minute. By 
the pendulum the whole machine is regulated, for the clock 
goes faster or slower, according to its number of vibrations 
in a given time. The number of vibrations which a pendu- 
lum makes in a given time depends upon its length, because 
a long pendulum does not perform its journey to and from 
the corresponding points of its arc so soon as a short one. 

258. As the motion of the clock is regulated entirely by 
the pendulum, and as the number of vibrations are as its 
length, the least variation in this respect will alter its rate 
of going. To beat seconds, its length must be 

about thirty-nine inches. In the common clock, 
the length is regulated by a screw, which raises 
and lowers the weight. But as the rod to which 
the weight is attached is subject to variations 
of length, in consequence of the change of the 
seasons, being contracted by cold and length- 
ened by heat, the common clock goes faster in 
winter than in summer. 

259» Gridiron Pendulum. — Various means 
have been contrived to counteract the effects 
of these changes, so that the pendulum may 
continue the same length the whole year. 
Among inventions for this purpose, the gridiron 
pendulum is considered among the best. It is so 
called, because it consists of several rods of 
metal connected together at each end. 

260. The principle on which this pendulum 
is constructed is derived from the fact that some 
metals dilate more by the same degrees of heat 



Fie. 36. 



A 



Gridiron 
Pendulum. 



Describe the common clock. How many vibrations lias the pendulum in a 
minute 1 On what depends the number of vibrations which a pendulum makes in 
a given time ? What is the medium length of a pendulum beating seconds 1 Why 
does a common clock go faster in winter than in summer 1 What is necessary in 
respect to the pendulum, to make the clock go true the year round I What is the 
principle on which the gridiron pendulum is constructi >l .' What are the metals of 
which this instrument is madef Explain fig. 36, and give the reason why "the 
length of the pendulum will not change by the variations of temperature. 
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than othei^. Thus, brass will dilate twice as much by 
heat, and. consequently, contract twice as much by cold as 
steel. If, then, these differences could be made to counteract 
each other mutually, given points at each end of a system 
of such rods would remain stationary the year round, and 
thus the clock would go at the same rate in all climates, 
and during all seasons. 

261. This important object is accomplished by the fol- 
lowing means : — 

Suppose the middle rod, Fig. 36, to be made of brass, and 
the two outside ones of steel, all of the same length. Let 
the brass rod be firmly fixed to the cross-pieces at each end. 
Let the steel rod, a, be fixed to the lower cross-piece, and b, to 
the upper cross-piece. The rod a, at its upper end, passes 
through the cross-piece, and, in like manner, b passes through 
the lower one. This is clone to prevent these small rods from 
playing backwards and forwards as the pendulum swings. 

262. Now, as the middle rod is lengthened by the heat 
twice as much as the outside ones, and the outside rods 
together are twice as long as the middle one, the actual 
length of the pendulum can neither be increased nor dimin- 
ished by the variations of temperature. 

263. To make this still plainer, suppose the 
lower cross-piece, Fig. 37, to be standing on a 
table, so that it could not be lengthened down- 
wards, and suppose, by the heat of summer, the 
middle rod of brass should increase one inch in 
length. This would elevate the upper cross- 
piece an inch, but, at the same time, the steel 
rod, a, swells half an inch, and the steel rod, b, 
half an inch ; therefore, the two points, c and 
d, would remain exactly at the same distance 
from each other. / 

264. Gravity varies the vibrations.— /As it is the 

force of gravity which draws the weight of the pendulum 
from the highest point of its arc downwards, and as this 
force increases or diminishes as bodies approach towards the 
centre of the earth, or recede from it, so the pendulum will 
vibrate faster or slower in proportion as this attraction is 
stronger or weaker. 

Explain Fig. 37. What is the downward force which makes the pendulum vi- 
brate ! Explain the reason why the same clock would go faster at the poles, and 
slower at the equator. How can a clock which goes true at the equator be made to 
go true at the poles ! Will a clock keep equal time at the foot and on the top of a 
nigh mountain 1 Why will it not? 

6 
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265. Now, it is found that the earth at the equator rises 
higher from its centre than it does at the poles, for towards 
the poles it is flattened. The pendulum, therefore, being 
more strongly attracted at the poles than at the equator, 
vibrates faster. For this reason, a clock that would keep 
exact time at the equator would gain time at the poles, for 
the rate at which a clock goes depends on the number of 
vibrations its pendulum makes. Therefore, pendulums, in 
order to beat seconds, must be shorter at the equator, and 
longer at the poles. 

For the same reason, a clock which keeps exact time at 
the foot of a high mountain, would move slower on its top. 

266. Metronome. — There is a short pendulum, used by 
musicians for marking time, which may be made to vibrate 
fast or slow, as occasion requires. This little instrument is 
called a metronome, and besides the pendulum, consists of 
several wheels, and a spiral spring, by which the whole is 
moved. This pendulum is only ten or twelve inches long, 
and instead of being suspended by the end, like other pendu- 
lums, the rod is prolonged above the point of suspension, and 
there is a ball placed near the upper, as well as at the lower 
extremity. 

267. This arrangement will be un- p^ 33 
derstood by Fig. 38, where A is the 
axis of suspension, B the upper ball, 
and C the lower one. Now, when 
this pendulum vibrates from the point 
A, the upper ball constantly retards 
the motion of the lower one, by in 
part counterbalancing its weight, and 
thus preventing its full velocity down- 
wards. 

268. Perhaps this will be more 
apparent^ by placing the pendulum, 
Fig. 39, for a moment on its side, and 
across a bar, at the point of suspen- 
sion. In this position, it will be seen 
that the little ball would prevent the Fig. 39. 
large one from falling 



with its full weight, 
since, were it moved to 
a certain distance from 



Metronome. 



What is the metronome 1 How does this pendulum differ from common pendu- 
lums ? How doe3 the upper ball retard the motion of the lower one 1 
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the point of suspension, it would balance the large one so 
that it would not descend at all. It is plain, therefore, 
that the comparative velocity of the large ball will be in 
proportion as the small one is moved to a greater or less 
distance from the point of suspension. The metronome 
is so constructed, the little ball being made to move up and 
down on the rod at pleasure, that its vibrations are made to 
beat the time of a quick or slow tune, as occasion requires. 

By this arrangement, the instrument is made to vibrate 
every two seconds, or every half, or quarter of a second, at 
pleasure. Metronome means time measurer. 



CHAPTER IV. 

MECHANICS. 



269ru\lcchanics is a science which investigates the laws and/ 
effects of force and motion. 

270. The practical object of this science is, to teach the 
best modes of" overcoming resistances by means of mechani- 
cal powers, and to apply motion to useful purposes, by means I 
of machinery. 

27 1 . A machine is any instrument by which power, mo- 
tion, or velocity, is applied or regulated. 

272. A machine may be very simple, or exceedingly com- 
plex. Thus, a pin is a machine for fastening clothes, and a 
steam-engine is a machine for propelling mills and boats. 

As machines are constructed for a vast variety of purposes, 
their forms, powers, and kinds of movement, must depend on 
their intended uses. 

273. Several considerations ought to precede the actual 
construction of a new or untried machine ; for if it does not 
answer the purpose intended, it is commonly a total loss to 
the builder. 

Many a man, on attempting to apply an old principle to a 
new purpose, or to invent a new machine for an old purpose, 
has been sorely disappointed, having found, when too late, 
that his time and money had been thrown away, for want 
of proper reflection, or requisite knowledge. 

How is the metronome made to go faster or slower, at pleasure? What is me- 
chanics? What is the object of this science? What is a machine 1 Mention one of 
»he most simple, and one of the most complex of machines. 
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274. If a man, for instance, thinks of constructing a ma- 
chine for raising a ship, he ought to take into consideration 
the inertia or weight, to be moved — the force to be applied— 
the strength of the materials, and the space or situation he 
has to work in. For, if the force applied, or the strength of 
the materials be insufficient, his machine is obviously use- 
less ; and if the force and strength be ample, but the space 
be wanting, the same result must follow. 

275. If he intends his machine for twisting the fibres of 
flexible substances into threads, he may find no difficulty in 
respect to power, strength of materials, or space to work in, 
but if the velocity, direction, and kind of motion he obtains, 
be not applicable to the work intended, he still loses his 
labor. 

276. Thousands of machines have been constructed, which, 
so far as regarded the skill of the workmen, the ingenuity 
of the contriver, and the construction of the individual parts, 
were models of art and beauty ; and, so far as could be seen 
without trial, admirably adapted to the intended purpose. 
But on putting them to actual use, it has too often been 
found, that their only imperfection consisted in a stubborn 
refusal to do any part of the work intended. 

277. Now, a thorough knowledge of the laws of motion, 
and the principles of mechanics, would, in many instances 
at least, have prevented all this loss of labor and money, and 
spared him so much vexation and chagrin, by snowing the 
projector that his machine would not answer the intended 
purpose. 

The importance of this kind of knowledge is therefore ob- 
vious, and it is hoped will become more so as we proceed. 
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278. In mechanics, as well as in other sciences, there are 
words which must be explained, either because they are 
common words used in a peculiar sense, or because they are 
terms of art, not in common use. All technical terms will 
be as much as possible avoided, but still there are a few, 
which it is necessary here to to explain. 

279. Force is the means by which bodies are set in motion, 
kept in motion, and when moving, are brought to rest. The 
force of gunpowder sets the ball in motion, and keeps it 

What is meant by force in mechanics'! What is meant by power 7 What is un- 
derstood by weight 7 What is the fulcrum 7 
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moving, until the force of the resisting air, and the force of 
gravity, bring it to rest. 

280. Power is the means by which the machine is moved, and 
the force gained. Thus we have horse-power, water-power, 
and the power of weights. 

281. Weight is the resistance, or the thing to be moved by the 
force of the power. Thus the stone is the weight to be 
moved by the force of the lever or bar. 

282. Fulc7~um, or prop, is the point on which a thing is support- 
ed, and about which it has more or less motion. In rais- 
ing a stone, the thing on which the lever rests, is the ful- 
crum. 

In mechanics, there are a few simple machines called the 
mechanical powers, and however mixed, or complex, a com- 
bination of machinery may be, it consists only of these few 
individual powers. 

We shall not here burthen the memory of the pupil with 
the names of these powers, of the nature of which he is at 
present supposed to know nothing, but shall explain the ac- 
tion and use of each in its turn, and then sum up the whole 
for his accommodation, y/ 
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283Sj±ny rod, or bar, which is used in raising a weight, or 
surmounting a resistance, by being placed on a fulcrum, or 
prop, becomes a lever. Levers are simple and compound. 

Simple levers are of three kinds, namely ; first, where the 
fulcrum is between the power and the weight ; second, where 
the weight is between the fulcrum and the power ; third, 
where the power is between the fulcrum and the weight. 

284. First Kind. The first kind is represented by Fig. 40, 
being a straight 
rod of iron, called 
a crowbar, in com- 
mon use for rais- 
ing rocks and oth- 
er heavy bodies. 
The stone, B, is 
the weight, A the 
lever, and C the 
fulcrum; the power 
being the hand of a man applied at A. 




Simple Lever. 



Are the mechanical powers numerous, or only few in number 1 What is a lever 1 
What is the simplest of all mechanical powers? Explain Pig. 40. Which is the 
weight 1 Where is the fulcrum ? 
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285. It will be observed, that by this arrangement the ap- 
plication of a small power may be used to overcome a great 
resist t\ncG 

The force to be obtained by the lever, depends on its length, 
| together with the power applied, and the distance of the 
weight and power from the fulcrum. 

286. Suppose, Fig. 41, that A is the lever, B the fulcrum, 

Fig. 41. 




D the weight to be raised, and C the power. Let D be con- 
sidered three times as heavy as C, and the fulcrum three 
times as far from C as it is from D ; then the weight and 
power will exactly balance each other. Thus, if the bar be 
four feet long, and the fulcrum three feet from the end, then 
three pounds on the long arm will weigh just as much as 
nine pounds on the short arm, and these proportions will be 
found the same in all cases. 

287. When two weights balance each other, the fulcrum 
is always at the centre of gravity between them, and there- 
fore, to make a small weight raise a large one, the fulcrum 
must be placed as near as possible to the large one, since the 
greater the distance/zw/i the fulcrum the s?nall weight or power 
is placed, the greater will be its force. 

288. Suppose the weight B, Fig. 42, to be sixteen pounds, 

Fig. 42. 




and suppose the fulcrum to be placed so near it, as to be 
raised by the power A, of four pounds hanging equally dis- 
tant from the fulcrum and the end of the lever. If now the 
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power A be removed, and another of two pounds, C, be 
placed at the end of the lever, its force will be just equal to 
A, placed at the middle of the lever. 

289. But let the fulcrum be moved along to the middle of 
the lever, with the weight of sixteen pounds still suspended 
to it, it would then take another weight of sixteen pounds, 
instead of two pounds, to balance it, Fig. 43. 

Fig. 43. 




S 




Thus, the power which would balance sixteen pounds, 
when the fulcrum is in one place, must be exchanged for 
another power weighing eight times as much, when the 
fulcrum is in another place. 

290. From these investigations, we may draw the fol- 
lowing general truth, or proposition, concerning the lever. 
" That the force of the lever increases in proportion to the dis- 
tance of the power from the fulcrum, and diminishes in propor- 
tion as the distance of the vmght from the fulcrum increases ." 

291. From this proposition may be drawn the following 
rule, by which the exact proportions between the weight or 
resistance, and the power, may be found. Multiply the weight 
by its distance from the fulcrum ; then multiply the power by 
its distance from the same point, and if the products are equal, 
the weight and the, power will balance each other. 

292. Suppose a weight of 100 pounds on the short arm of 
a lever, 8 inches from the fulcrum, then another weight, or 
power, of 8 pounds, would be equal to this, at the distance 
of 100 inches from the fulcrum ; because 8 multiplied by 100 
is equal to 800; and 100 multiplied by 8 is equal to 800, 
and thus they would mutually counteract each other. 

Where is the power applied? What is the power in this case? On what does 
the force to be obtained by the lever depend ? Suppose a lever four feet long, and 
the fulcrum one foot from the end, what number of pounds will balance each other 
at Mi ends? When weights balance each other, at what point between them must 
the fulcrum be ? Suppose a weight of 16 pounds on the short arm of a lever is 
counterbalanced by 4 pounds in the middle of the long arm, what power would bal- 
ance this weight at the end of the lever ? Suppose the fulcrum to be moved to the 
middle of the" lever, what power would then be equal to 16 pounds? What is the 
general proposition drawn from these results ? What is the rule for finding the pro- 
portions between the weight and power? Give an illustration of this rule ? 
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293. Many instruments 
in common use are on Fig 44. 

the principle of this kind 
of lever. Scissors, Fig. 
44, consist of two levers, 
the rivet being the ful- 
crum for both. The fin- 
gers are the power, and 
the cloth to be cut, the 
resistance to be over- Two Levers. 

come. 

Pincers, foixegs, and sugar-cutters, are examples of this 
kind\pf lgyer., jt 

294VA. common scale-beam, used for weighing, is a lever, 
suspended at the centre of gravity, so that the two arms bal- 
ance each other. Hence the machine is called a balance. 
The fulcrum, or what is called the pivot, is sharpened, like a 
wedge, and made of hardened steel, so as much as possible 
to avoid friction. 

295. A dish is suspended 
by cords to each end or arm 
of the lever, for the purpose 
of holding the articles to be 
weighed. When the whole 
is suspended at the point a, 
Fig. 45, the beam or lever 
ought to remain in a horizon- 
tal position, one of its ends 
being exactly as high as the 

other. If the weights in the two dishes are equal, and the 
support exactly in the centre, they will always hang as rep- 
resented in the figure. 

296. A very slight variation of the point of support to- 
wards one end of the lever, will make a difference in the 
weights employed to balance each other. In weighing a 
pound of sugar, with a scale-beam of eight inches long, if 
the point of support is half an inch too near the weight, the 
buyer would be cheated nearly one ounce, and consequently 
nearly one pound in every sixteen pounds. This fraud might 
instantly be detected by changing the places of the sugar 



Fig. 45. 



Common Scales. 



What instruments operate on the principle of this lever? When the scissors are 
used, what is the resistance, and what the power'! In the common scale-beam, 
where is the fulcrum 1 In what position ought the f cale-beam to hang ? How may 
a fraudulent scale-beam be made ? How may the cheat be detected ? How does 
the steelyard differ from the balance 1 
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and weight, for then the difference would be quite material, 
since the sugar would then seem to want twice as much 
additional weight as it did really want. 

297. The steelyard differs from the balance, in having its 
support near one end, instead of in the middle, and also in 
having the weights suspended by hooks, instead of being 
placed in a dish. 

298. If we suppose Fig. 46. 
the beam to be 7 
inches long, and the 
hook, C, Fig. 46, to 
be one inch from the 
end, then the pound 
weight A, will require 

an additional pound at steelyard 

B, for every inch it is 
moved from it. This, however, supposes that the bar will 
balance itself, before any weights are attached to it. 




Fig. 47. 
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Lever of the Second Kind. 

299. Second Kind. — The second kind of lever is represented 
by Fig. 47, where W is the weight, L the lever, F the ful- 
crum, and P a pulley, over which a string is thrown, and a 
weight suspended, as the power. In the common use of a 
lever of the first kind, the force is gained by bearing down the 
long arm, which is called prying. In the second kind, the 
force is gained by carrying the long arm in a contrary di- 
rection, or upward, and this is called lifting. 

300. Levers of the second kind are not so common as 
the first, but are frequently used for certain purposes. The 
oars of a boat are examples of the second kind. The wa- 
ter against which the blade of the oar pushes, is the fulcrum, 

In the first kind of lever, where is the fulcrum, in respect to the weight and 
power? In the second kind, where is the fulcrum, in respect to the weight and 
power? What is the action of the first kind called? What is the action of the 
d kind called 1 Give examples of the second kind of lever. 

7 
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the boat is the weight to be moved, and the hands of the 
man, the power. 

301. Two men carrying a load between them on a pole, 
is also an example of this kind of lever. Each man acts 
as the power in moving the weight, and at the same time 
each becomes the fulcrum in respect to the other. 

If the weight happens to slide on the pole, the man to- 
wards whom it goes has to bear more of it in proportion as 
its distance from him is less than before. 

Fig. 48. 



302. A load at A, Fig. 48, is borne equally by the two 
men, being equally distant from each other ; but at B, three 
quarters of its weight would be on the man at that end, be- 
cause three quarters of the length of the lever would be on 
the side of the other man. 



Fig. 49. 



_c^_ 




Lever of the Third Kind. 

303. Third Kind. — In the third and last kind of lever, 
the weight is placed at one end, the fulcrum at the other 
end, and the power between them, or the hand is between 
the fulcrum and the weight. 

304. This is represented by Fig. 49, where C is the ful- 
crum, A the power, suspended over the pulley B, and D is the 
weight to be raised. 



In rowing a boat, what is the fulcrum, what the weight, and what the power! 
What other illustrations of this principle are given 1 In the third kind of lever 
where are the respective places of the weight, power, and fulcrum 1 
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305. This kind of lever works to great disadvantage, 
since the power must be greater than the weight. It is 
therefore seldom used, except in cases where velocity and 
not force is required. In raising a ladder from the ground 
to the roof of a house, men are obliged sometimes to make 
use of this principle, and the great difficulty of doing so, il- 
lustrates the mechanical disadvantage of this kind of lever. 

306. We have now described the three kinds of levers, 
and, we hope, have made the manner in which each kind 
acts plain, by illustrations. But to make the difference be- 
tween them still more obvious, and to avoid all confusion, 
we will here compare them together. 



Fig. 50. 



Fig. 51. 



I 



Fig. 52. 



The Levers Compared. 



What is the disadvantage of this kind of lever 1 Give an example of the use of 
the third kind of lever 1 
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307 In Fig- 50, the weight and hand both act downwards. 
In 51, the weight and hand act in contrary directions the 
hand upwards and the weight downwards, the weight being 
between them. In 52, the hand and weight also act in 
contrary directions, but the hand is between the fulcrum and 

the weighOr , , 

308 miVouND Lever.— When several simple levers are 
connected together, and act one upon the other, the machine 
is called a compound lever. In this machine, as each lever 
acts as an individual, and with a force equal to the action 
of the next lever upon it, the force is increased or diminished, 
and becomes greater or less, in proportion to the number or 
kind of levers employed. 

We will illustrate this kind of lever by a single example, 
but must refer the inquisitive student to more extended works 
for a full investigation of the subject. 

Fig. 53. 

E W D 




Compound Lever. 

Fig. 53, represents a compound lever, consisting of three sim- 
ple levers of the first kind. 

309. In calculating the force of this lever, the rule applies 
which has already been given for the simple lever, namely : 
The length of the long arm is to be multiplied by the moving 
power, and that of the short one, by the weight, or resistance. 
Let us suppose, then, that the three levers in the figure are of 
the same length, the long arms being six inches, and the 
short ones two inches long ; required, the weight which a 
moving power of- 1 pound at A wUl balance at B. In the 
first place, 1 pound at A, would balance 3 pounds at E, for 
the lever being 6 inches, and the power 1 pound, 6x 1=6, 
and the short one being 2 inches, 2x3=6. The long arm 
of the second lever being also 6 inches, and moved with a 

In what direction do the hand and weight act. in the first kind of lever ? In what 
direction do they act iu the second kind 7 In what direction do they act in ttie 
third kind 1 What is a compound lever ? By what rule is the force of the com- 
pound lever calculated ! 
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power of 3 pounds, multiply the 3 by 6=18; and mul- 
tiply the length of the short arm, being 2 inches, by 9 = 18. 
These two products being equal, the power upon the long 
arm of the third lever, at D, would be 9 pounds. 9 pounds 
X6 = 54, and 27x2, is 54; so that 1 pound at A would 
balance 27 at B. 

The increase of force is thus slow, because the proportion 
between the long and short arms is only as 2 to 6, or in the 
proportions of 1,3, 9. 

310. Now suppose the long arms of these levers to be 18 
inches, and the short ones 1 inch, and the result will be sur- 
prisingly different, for then 1 pound at A would balance 18 
pounds at E, and the second lever would have a power of 18 
pounds. This being multiplied by the length of the lever, 
18 X 18 = 324 pounds at D. The third lever would thus be 
moved by a power of 324 pounds, which, multiplied by 18 
inches for the weight it would raise, would give 5832 pounds. 

The compound lever is employed in the construction of 
weighing machines, and particularly in cases where great 
weights are to be determined, in situations where other ma- 
chines would bej inconvenient, on account of their occupying 
too much space 



WHEEL AND AXLE. 

31JT\The mechanical power, Fig. 54. 

next to the lever in arrangement, 
is the wheel and axle. It is, 
however, much more complex 
than the lever. It consists of 
two wheels, one of which is lar- 
ger than the other, but the small 
one passes through the larger, 
and hence both have a common 
centre, on which they turn. 

312. The manner in which 
this machine acts will be under- 
stood by Fig. 54. The large 

wheel, A, on turning the machine, will take up, or throw 
off, as much more rope than the small wheel or axle B, as 
its circumference is greater. If we suppose the circum- 
ference of the large wheel to be four times that of the small 
one, then it will take up the rope four times as fast. And 

How many pounds weight will be raised by three levers connected, of eight in- 
ches each, With the fulcrum two inches from the end, by a power of one pound i 

7* 
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because A is four times as large as B, 1 pound at D will 
balance 4 pounds at C, on the opposite side. 

313. The principle of this machine is that of the lever, as 
will be apparent by an examination of Fig. 55. 

This figure represents the machine 
endwise, so as to show in what man- Fig. 55. 

ner the lever operates. The two 
weights hanging in opposition to 
each other, the one on the wheel at 

a, and the other on the axle at />, act 
in the same manner as if they were 
connected by the horizontal lever a 

b, passing from one to the other, hav- 
ing the common centre, c, as a ful- 
crum between them. 

314. The wheel and axle, there- 
force, acts like a constant succession 
of levers, the long arm being half 
the diameter of the wheel, and the Wieei and Axle. 
short one half the diameter of the 

axle ; the common centre of both being the fulcrum. The 
wheel and axle has, therefore, been called the perpetual lever. 

315. The great advantage of this mechanical arrange- 
ment is, that while a single lever of the same power can 
raise a weight but a few inches at a time, and then only in 
a certain direction, this machine exerts a continual force, 
and in any direction wanted. To change the direction, it is 
only necessary that the rope by which the weight is to be 
raised, should be 




carried in aline per- 
pendicular to the 
axis of the ma- 
chine, to the place 
below where the 
weight lies, and 
there be let fall 
over a pulley. 

316. Suppose the 
wheel and axle, 
Fig. 56, is erected 
in the third story of 
a store-house, with 
the axle over the 
Bcuttles, or doors 



Fig. 56. 




Modified Wheel and Axle. 
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through the floors, so that goods can be raised by it from 
the ground-floor, in the direction of the weight a. Suppose, 
also, that the same store stands on a wharf, where ships 
come up to its side, and goods are to be removed from the 
vessels into the upper stories. Instead of removing the 
goods into the store, and hoisting them in the direction of a, 
it is only necessary to carry the rope b, over the pulley c, 
which is at the end of a strong beam projecting out from 
the side of the store, and then the goods will be raised in 
the direction of b, thus saving the labor of moving them 
twice. 

The wheel and axle, undejr different forms, is applied to a 
varietjiof/common purposesJU^ 
:;i?'.^The capstan, in umveV- 
aal use, on board of ships, is 
an axle placed upright, with 
a head, or drum, A, Fig. 57, 
pierced with holes for the levers 

B, C, D. The weight is drawn 
by the rope E, passing two or 

three times round the axle to 

prevent its slipping. 

This is a very powerful and 

convenient machine. When 

not in use, the levers are taken 

out of their places and laid aside, and when great force is 

required, two or three men can push at each lever. 
318. Windlass. — 

The common windlass &' 

for drawing water is 

another modification 

of the wheel and 

axle. The winch, or 

crank, by which it 

is turned, is moved 

around by the hand, 

and there is no dif- 
ference in the princi- 
ple, whether a whole 

wheel is turned, or a 




Capstan. 



Windlass. 



If the long arms of the levers be 13 inches, and the short ones one inch how 
much will a power of one pound balance 1 In what machines IS the compound 
torer employed I What advantages do I hese machines possess over others 1 What 
talne nex P t simple mechanical power to the lever 1 Describe this machine. Explain 
Fig. 54. On what principle does this machine act 1 



80 



WHEEL AND AXI.E. 



single - spoke. The winch, therefore, answers to the wheel, 
while the rope is taken urn and the weight raised by the 
axlev^-ftlready described)^ 

3J&^In cases where greVt weights are to be raised, and it 
is required that the machine should be as small as possible, 
on account of room, the simple wheel and axle, modified as 
represented by Fig. 58, is sometimes used. 

320. The axle may be considered in two parts, one of 
which is larger than the other. The rope is attached by 
its two ends, to the ends of the axle, as seen in the figure. 
The weight to be raised is attached to a small pulley, 
around which the rope passes. The elevation of the weight 
may be thus described. Upon turning the axle, the rope is 
coiled around the larger part, and at the same time it is 
thrown off the smaller part. At every revolution, therefore, 
a portion of the rope will be drawn up, equal to the circum- 
ference of the thicker part, and at the same time a portion, 
equal to that of the thinner part, will be let down. On the 
whole, then, one revolution of the machine will shorten the 
rope where the weight is suspended, just as much as the 
difference is between the circumference of the two parts. 

321. Illustration. — Now to understand 
the principle on which this machine acts, 
we must refer to Fig. 59, where it is ob- 
vious that the two parts of the rope a and 
b, equally support the weight d, and that 
the rope, as the machine turns, passes 
from the small part of the axle e to the 
large part h, consequently, the weight 
does not rise in a perpendicular line 
towards c, the centre of both, but in a 
line between the outsides of the large 
and small parts. Let us consider what 
would be the consequence of changing 
the rope a to the larger part of the axle, 
so as to place the weight in a line per- 
pendicular to the axis of motion. In this 
case it is obvious that the machine would 
be in equilibrium, since the weight d 



Fig. 59. 




In Fig. 55, which is the fulcrum, and which the two arms of the lever ? What is 
this machine called, in reference to the principle on which it acts'? What is ihe 
great advantage of this machine over the lever and other mechanical powers i De- 
scribe Fig. 56, and point out Hie manner in which weights can be raisi d by 1' tting 
fall a rope over the pulley. What is the capstan 1 Whereisiti II What 

ire the peculiar advantages of this form of the wheel and axle? 
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would be divided between the two sides equally, and the 
two arms of a lever passing through the centre c, would be 
of equal length, and therefore no advantage would be 
gained. But in the actual arrangement, the weight being 
sustained equally by the large and small parts, there is 
involved a lever power, the long arm of which is equal to 
half the diameter of the large part, while the short arm is 
equal to half the diameter of the small part, the fulcrum 
being between themAl^ 

322. A varying power, producing a constant force. — If a 
power, varying under any given conditions be required to 
overcome a resistance which varies according to some other 
given conditions, the one may be accommodated to the other 
by producing a variation in the leverage, by which one or 
both acts. 

323. This is done in ft 
the mechanism of the S- ""• 
watch, of which a, Fig. 
60, is the barrel contain- 
ing the power in the form 
of a convoluted spring, and 
b the fusee which acts as a 
varying lever, and through 
Which motion is conveyed 
to the hands of the watch. 
Now when the watch is first wound up, the main-spring 
within the barrel is closely coiled, and of course acts with 
much more power than afterwards, when it is partly unrolled; 
hence were no means used to equalize this power, every 
watch would run two or three times as fast, when first wound 
up, as afterwards. We shall see that the fusee is a com- 
plete remedy for the varying action of the main-spring. Its 
form is a low cone with its surface cut into a spiral groove, 
to receive the chain, which runs round the barrel. Now 
when the watch is wound up by applying the key to the 
axis of the fusee at c, the main-spring, one end of which is 
attached to the diameter of the barrel, and the other to its 



In the common windlass, what part answers to the wheel - ? Explain Fig. 58. 
Why is the rope shortened, and the weight raised 1 What is the design of Fig. 59? 
Does the weight rise perpendicular to the axis of motion) Suppose the cylinder 
was, throughout, of the same size, what would he the consequence'? On what prin- 
ciple does this machine art ? Which are the long and short arms of the lever, and 
where is the fulcrum 1 What is the main-spring of a watch 1 Where is it con- 
tained? What is the fueee of a watch 1 What is its form 1 When does the main- 
spring act with most force ? How does the fusee equalize this force ? Explain how 
the forces of the spring and fusee mutually equalize each other 1 
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axis, is closely coiled; but as the action begins on the 
smallest part of the fusee, the leverage is short, and the 
power weak ; but as the fusee turns, and the spring uncoils, 
the leverage increases in proportion as the strength of the 
spring becomes weaker, and thus the two forces mutually 
equalize each other, and the watch runs at the same rate 
until the chain which connects them has run from the barrel 
to the fusee, when it again requires winding, and the same 
process begins againJV^ 

324.. System of Wheels. — As the wheel and axle is only 
a modification of the simple lever, so a system of wheels 
acting on each other, and transmitting the power to the 
resistance, is only another form of the compound lever. 

325. Such a combi- 
nation is shown in 
Fig, 61. The first 
wheel a, by means of 
the teeth, or cogs, 
around its axle, moves 
the second wheel, b, 
with a force equal to 
that of a lever, the 
long arm of which 
extends from the cen- 
tre to the circumfer- 
ence of the wheel, 
where the power p 
is suspended, and the 
short arm from the 
same centre to the s,Jstem o/ Wkcc ' s - 

ends of the cogs. 

The dotted line c, passing through the centre of the wheel 
a, shows the position of the lever, as the wheel now stands. 
The centre on which the wheel and axle turns, is the fulcrum 
of this lever. As the wheel turns, the short arm of this 
lever will act upon the long arm of the next lever by means 
of the teeth on the circumference of the wheel b, and this 
again through the teeth on the axle of b, will transmit its 
force to the circumference of the wheel d, and so by the 
short arm of the third lever to the weight w. As the power 
or small weight falls, therefore, the resistance w, is raised, 
with the multiplied force of three levers acting on each other. 




On what principle does a system of wheels act, as represented in Fie 61 7 Ex- 
plain t ig. 61, and show how the power p is transferred by the aclion of levers 7 
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326. In respect to the force to be gained by such a machine, 
suppose the number of teeth on the axle of the wheel a 
to be six times less than the number of those on the cir- 
cumference of the wheel b, then b would only turn round 
once, while a turns six times. And, in like manner, if the 
number of teeth on the circumference of d, be six times 
greater than those on the axle of b, then d would turn once, 
while b is turned six times. Thus six revolutions of a would 
make b revolve once, and six revolutions of b would make d 
revolve once. Therefore, a makes thirty-six revolutions 
while d makes only one. 

327. The diameter of the wheel a, being three times the 
diameter of the axle of the wheel d, and its velocity of 
motion being 36 to 1, 3 times 36 will give the weight which 
a power of 1 pound at p would raise at w. Thus 36 x 3 = 108. 
One poujad at p would therefore balance 108 pounds at w. 

328/No Machine creates Force. — If the student has 
attended closely to what has been said on mechanics, he 
will now be prepared to understand, that no machine, how- 
ever simple or complex, can create the least degree of force. 
It is true, that one man with a machine may apply a force 
which a hundred could not exert with their hands, but then 
it would take him a hundred times as long. 

329. Suppose there are 20 blocks of stone to be moved a 
hundred feet ; perhaps twenty men, by taking each a block, 
would move them all in a minute. One man, with a capstan, 
we will suppose, may move them all at once, but this man, 
with his lever, would have to make one revolution for every 
foot he drew the whole load towards him, and therefore to 
make one hundred revolutions to perform the whole work. 
It will also take him twenty times as long to do it, as it 
took the twenty men. His task, indeed, would be more than 
twenty times harder than that performed by the twenty 
men, for, in addition to moving the stone, he would have the 
friction of the machinery to overcome, which commonly 
amounts to nearly one third of the force employed. 

Hence there would be an actual loss of power by the use 
of the capstan, though it might be a convenience for the one 
man to do his work by its means, rathpr than to call in nine- 
teen of his neighbors to assist him. 



What weight will one pound at p balance at w? Is there, any actual power trained 
by the use of machinery ! Suppose 20 men to move 20 stom s to a ct riain distance 
with l heir hands, and on. man moves them hack to th( sine place with a capstan, 
which performs the most actual labor 1 Why ? Why ih :;. is machinery a con- 
venience? 
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330/The same principle holds good in respect tool her 
machinery, where the strength of man is employed as the 
power, or prime mover. There is no advantage gamed, 
except that of convenience. In the use of the most simple 
of all machines, the lever, and where, at the same time, 
there is the least force lost by friction, there is no actual 
gain of power, for what seems to be gained in force is always 
lost in velocity. Thus, if a lever is of such length to raise 
100 pounds an inch by the power of 1 pound, its long arm 
must pass through a space of 100 inches. Thus, what is 
gained in one way is lost in another. 

331. Any power by which a machine is moved, must be 
equal to the resistance to be overcome, and, in all cases 
where the power descends, there will be a proportion between 
the velocity with which it moves downwards, and the ve- 
locity with which the weight moves upwards. There will 
be no difference in this respect, whether the machine be 
simple or compound, for if its force be increased by increasing 
the number of levers, or wheels, the velocity of the moving 
power must also be increased, as that of the resistance is 
diminished. 

332. There being, then, always a proportion, between the 
velocity with which the moving force descends, and that 
with which the weight ascends, whatever this proportion 
may be, it is necessary that the power should have to the 
resistance the same ratio that the velocity of the resistance 
has to the velocity of the power. In other words, "The 
power multiplied by the space through which it moves, 
in a vertical direction, must be equal to the weight mul- 
tiplied by the space through which it moves in a vertical 
direction.' 7 

This law is known under the name of " the law of virtual 
velocities," and is considered the golden rule of mechanics. 

333. This principle has already been explained, while 
treating of the lever (292); but that the student should 
want nothing to assist him in clearly comprehending so 
important a law, we will again illustrate it in a different 
manner. 

In the use of the lever, what proportion is there between the force of the short 
arm, and the velocity of the long arm ! How is this illustrated ! Is it said, that the 
velocity of the power downwards, must be in proportion lo that ol the weight 
upwards? Does it make any difference, in this respect, whether the mai 
simple or compound ? What is the golden rule of mechanics 1 Under whal name 
is this law known ? Explain Fig 62, ~and show how the rule i illu tratedbyit? 
What is said of the application of this ruli lo complex machines? Wl 
valley 1 
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Fig. 62. 




Weight and Space. 



334. Suppose the lever, 
Fig. 62, to be thirty inch- 
es long from the fulcrum 
to the point where the 
power, P, is suspended, 
and that the weight, W, 
is two inches from the 
fulcrum. If the power 
be 1 pound, the weight 
must be 15 pounds, to 
produce equilibrium, and 
the power, P, must fall 
thirty inches to raise the 
weight, W, two inches. 
Therefore, the power be- 
ing 1 pound, and the space 30 inches, 30x1=30. The 
weight being 15 pounds, and the space 2 inches, 15x2=30. 
Thus, the power multiplied by the space through which 
it falls, and the weight multiplied by the space through 
which it rises, are equal. 

However complex the machine may be by which the 
force of a descending power is transmitted to the weight to 
be raised, the same tfulc will apply as it does to the action 
of the simple lever.lf 

JT ' THE PULLEY. 

335/tl pulley consists of a wheel which is grooved on the 
edo-e/ana which is made to turn on its axis, by a cord passing 
over it. 

336. Simple Pulley.— Fig. 63 rep- 
resents a simple pulley, with a single 
fixed wheel. In other forms of the 
machine, the wheel moves up and 
down with the weight. 

337. The pulley is arranged among 
the simple mechanical powers ; but 
when several are connected, the ma- 
chine is called a system of pulleys, 
01 a compound pulley. 

338. One of the most obvious ad- 
vantages of the pulley is, its enabling 
in -I to exert iheir own power ri 



Fig. 63. 




Simple Pulley. 



places where they cannot go themselves. 'J bus, by means 

What is a simple pulley ! What ie a system of pulleys,, or a compound pulley 1 




Simple Pulley. 
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of a rope and wheel, a man can stand on the deck of a 
ship, and hoist a weight to the topmast. 

By means of two fixed pulleys, a weight may be raised 
upward, while the power moves in a horizontal direction. 
The weight will also rise vertically through the same space 
that the rope is drawn horizontally. 

339. Fig. 64, represents 
two fixed pulleys, as they 
are arranged for such a pur- 
pose. In the erection of a 
lofty edifice, suppose the up- 
per pulley to be suspended 
to some part of the building ; 
then a horse pulling at the 
rope, A, would raise the 
weight, W, vertically, as fur 
as he went horizontally. 

340. In the use of the 
wheel of the pulley, there is 
no mechanical advantage, 
except that which arises 
from removing the friction, 

and diminishing the imperfect flexibility of the rope. 

In the mechanical effects of this machine, the result would 
be the same did it slide on a smooth surface with the same 
ease that its motion makes the wheel revolve. 

341. The action of the pulley is on a Fig. 65. 
different principle from that of the wheel 
and axle. A system of wheels, as al- 
ready explained, acts on the same prin- 
ciple as the compound lever. But the 
mechanical efficacy of a system of pul- 
leys is derived entirely from the division 
of the weight among the strings em- 
ployed in suspending it. In the use of 
the single fixed pulley, there can be no 
mechanical advantage, since the weight 
rises as fast as the power descends. 
This is obvious by Fig. 65'. where it is 
also apparent that the power and weight 
must be equal, to balance each other, as 
already shown. 

What is the most obvious advantage of the pulley 1 How must, two fixed pulleys 
be placed to raise a weight vertically as far as the power goes horizontally 7 What 
is the advantage of the wheel of the pulley ? 
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342. In the smglo movable pulley, Fig. 65, the same rope 
passes from the fixed point, A, to the power, P. It is evident 
here, that the weight is supported equally by the two parts 
of the string between which it hangs. Therefore, if we call 
the weight, W, ten pounds, five pounds will be supported by 
one string, and five by the other. The power, then, will sup- 
port twice its own weight ; so that a person pulling with a 
force of five pounds at P, will raise ten pounds at W. The 
mechanical force, therefore, in respect to the power, is as two 
to one. 

In this example, it is supposed there are only two ropes, 
each of which bears an equal part of the weight. 



Fie. 06. 



Fig. 67. 




Compound Pulley. 



System of Pulleys 



343. Compound Pulley. — If the number of ropes be in- 
creased, the weight may be increased with the same power; 



How dors the action of the pulley differ from that of the wheel and axle? Is 
there any mechanical advantage in the fixed pulley 1 What weight atP, Fig. 65, 
will balance ten pounds at W t Suppose the number of ropes be increased, and the 
weight increased, must the power be increased also 1 
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or the power may be diminished in proportion as the number 
of ropes is increased. In Fig. 66, the number of ropes sus- 
taining the weight is four, and, therefore the weight may be 
four times as great as the power. This principle must be 
evident, since it is plain that each rope sustains an equal 
part of the weight. The weight may, therefore, be con- 
sidered as divided into four parts, and each part sustained by 
one rope. 

344. In Fig. 67, there is a system of pulleys represented, 
in which the weight is sixteen times the power. 

The tension of the rope, D E, is evidently equal to the power, 
P, because it sustains it. D, being a movable pulley, must 
sustain a weight equal to twice the power ; but the weight 
which it sustains, is the tension of the second rope, D, C. 
Hence, the tension of the second rope is twice that of the 
first ; and, in like manner, the tension of the third rope is 
twice that of the second, and so on, the weight being equal 
to twice the tension of the last rope. 

345. Suppose the weight, W, to be sixteen pounds; then the 
two ropes, 8 and 8, would sustain 8 pounds each, this being 
the whole weight divided equally between them. The next 
two ropes, 4 and 4, would evidently sustain but half this 
whole weight, because the other half is already sustained 
by a rope fixed at its upper end. The next two ropes sus- 
tain but half of 4, for the same reason ; and the next pair, 1 
and 1, for the same reason, will sustain only half of 2. 
Lastly, the power, P, will balance two pounds, because it 
sustains but half this weight, the other half being sustained 
by the same rope, fixed at its upper end. 

346. It is evident that, in this system, each rope and pulley 
which is added will double the effect of the whole. Thus, 
by adding another rope and pulley beyond 8, the weight. W, 
might be 32 pounds, instead of 16, and still be balanced by 
the same power. 

347. In our calculations of the effects of pulleys, we have 
allowed nothing for the weight of the pulleys themselves, or 
for the friction of the ropes. In practice, however, it will be 
found that nearly one third must be allowed for friction, and 
that the power, therefore, to actually raise the weight must 
be about one-third greater than has been allow v 

Suppose the weight, Fig. 66, to be 32 pounds, what will each rope bear! Explain 
Fig. 67, and show what part of the weight each rope sustains, and why 1 pound at 
P will balance 16 pounds at W. Explain the reason why each additional rope .■ ici 
pulley will double the effect of the whole, or why its; weight may be double thai of 
all the others with the same power. 
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348/The pulley, like other machines, obeys the laws of 
virtual velocities, already applied to the lever and wheel. 
Thus, "in a system of pulleys, the ascent of the weight, or 
resistance, is as much less than the descent of the power as the 
weight is greater than the powerP If, as in the last example, 
the weight is 16 pounds, and the power 1 pound, the weight 
will rise only 1 foot, while the power descends 16 feet. 

349. In the single fixed pulley, the weight and power are 
equal, and, consequently, the weight rises as fast as the 
power descends. 

With such a pulley, a man may raise himself up to the 
masthead by his own weight. Suppose a rope is thrown 
over a pulley, and a man ties one end of it round his body, 
and takes the other end in his hands ; he may raise himself 
up, because, by pulling with his hands, he has the power of 
throwing more of his weight on that side than on the other, 
and when he does this, his body will rise. Thus, although 
the power and the weight are the same individual, still the 
man can change his centre of gravity so as to make the 
power greater than the weight, or the weight greater than 
the power, and thus can elevate one half of his weight in 
succession. 



WHITE'S PULLEY. 

In all the pulleys we have described, there is a great 
defect, in consequence of the different velocities at which the 
several wheels turn, and the consequent friction to which 
some of them are subjected. 

350. It is obvious that, in a system of. pulleys, the first 
wheel, or that over which the cord passes, sustaining the 
power, must turn as many times more than the last wheel, 
or that sustaining the weight, as the weight is greater than 
the power. Thus, some of the wheels turn ten or twenty 
times, while others turn only once or twice, and, of course, 
every time a wheel revolves, a length of rope equal to its 
circumference must pass over it. If, then, the system con- 
sists of many wheels, the friction not only so retards the 
motion as to require a much greater power to raise the same 
weight, but the wheels and the ropes are soon worn out, 
and require to be frequently replaced, often at considerable 
cost. 

In compound machines, how much of the power must he allowed lor i lie friction"! 
How m;iy a man raise himself up bv means of a rope and single fixed pulley ? 

8* 
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351. Now, allowing the diameter of the 
wheels to be the same, the velocities at 
which they revolve must be measured by 
the length of rope passing over them, and 
hence their different rates of motion, and 
unequal friction, mentioned above. 

352. It has been an object among me- 
chanical philosophers to remedy this defect 
by inventing a system of pulleys, the wheels 
of which should all revolve on their axles 
in the same time, each making the same 
number of revolutions, notwithstanding the 
different lengths of rope passing over them, 
and thus avoid a defect common to those 
in use. 

353. This object seems to have been fully 
attained by Mr. James White, whose inven- 
tion is represented by Fig. G8, and which 
will be understood _ by the following descrip- 
tion. In order that the successive wheels 
should revolve in the same time, and their 
circumferences should be just equal to the 
length of rope passing over them, Mr. White 
made them all of different diameters. By 
this construction, although the length of 
rope passing over each was different, yet 
their revolutions are equal, both with respect 
to time and number. 

354. But still, were each wheel separate, 

though the object would, in part, have been attained, yet the 
friction of many wheels, placed side by side, would have left 
the machine imperfect. To remove this defect, the inventor 
reduced all the wheels in the same system to one, or rather, 
instead of using many wheels, he cut many grooves in the 
same block. These grooves, as seen in the figure, are of 
different diameters, corresponding to the length of rope pass- 
ing over each. 

355. By this arrangement all the friction is avoided, ex- 
cept that of a pivot at each end, and the lateral friction of a 
single wheel. A single rope sustains the whole, and as in 

What is a great defect in the common pulley ? What proportions do the revolu- 
tions in the first and last wheels bear to each oilier 1 What are the consequences ol 
friction in the wheels of the pulley 1 How are the velocitii s of the different wheels 
measured ? In what manner is ii said that Ihc delect with re.- pect to friction might 
be remedied ? Describe White's pulley. 
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other systems, the weight is as many times the power as 
there are ropes sustaining the lower block. This is consid- 
ered the most perfect system of pulleys yet invented. 

V THE INCLINED PLANE. 

35^<\This power, the most simple of all machines, consists 
of a hard, smooth, plane, inclined to the horizon in various degrees 
It is the fourth mechanical power, and is represented by 
Fig. 69, where from 

A to B is the inclined Fig. 69. 

plane ; the line from 
D to A, is its height, 
and that from B to D, 
its base. 

A board with one 
end on the ground, B ^^^^P^\w\ 
and the other resting 
on a block, becomes an inclined plane. 

357. This machine being both useful and easily con- 
structed, is in very general use, especially where heavy bodies 
are to be raised only to a small height. Thus a man, by 
means of an inclined plane, which he can readily construct 
with a board, or couple of bars, can raise a load into his 
wagon, which ten men could not lift with their hands. 

tf S. The power required to force a given weight up an in- 
clined plane, is in proportion to its height, and the length of its 
base, or, in other words, the force must be in proportion to the 
rapidity of its inclination. 

359. The power, Fig. 70. 

P, Fig. 70, pulling 
a weight up the in- 
clined plane, from C 
to D, only raises 
it in an oblique 
direction from E to 
D, by acting along 
the whole length of 
the plane. If the 

plane be twice as long as it is high, that is, if the line from 
C to Dbe double the length of that from E to D, then one 
pound at P will balance two pounds any where between D 

What is an inclined plane? On what occasions is this power chiefly used? Sup- 
man wants to put a barrel of cider into his wagon, how does he make an 
inclined plane for this purpose ! 




Inclined Plane. 
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and C. It is evident, by a glance at this figure, that were 
the base lengthened, the height from E to D being the same, 
that a less power at P would balance an equal weight any 
where on the inclined plane ; and so, on the contrary, were 
the base made shorter, that is, the plane more steep, the 
power must be increased in proportion. 

360. Suppose two 

inclined planes, Fig. Fig. 71. 

71, of the same 
height, with bases of 
different lengths ; then 
the weight and pow- 
er will be to each 
other as the length of 
the planes. If the 
length from A to B is two feet, and that from B to C one 
foot, then two pounds at D will balance four pounds at W, 
and so in this proportion, whether the planes be longer or 
shorter. 

361. The same principle, with respect to the virtual ve- 
locities of the weight and power, applies to the inclined 
plane, in common with the other mechanical powers. 

Suppose the in- 
clined plane, Fig. Fig. 72. 

72, to be two feet 
from A to B, and 
one foot from C to 
B, then, as we 
have already seen 
by Fig. 70, a pow- 
er of one pound at 
P, would balance 
a weight of two 
pounds at W. 
Now, in the fall of 
the power to draw 
up the weight, it is obvious that its vertical descent 
must be just twice the vertical ascent of the weight; 
for the power must fall down the distance from A 

To roll a given weight up an inclined plane, to what must the force lie propor- 
tioned 1 Explain Fig-. 70. If the length of the long plane, Fig. 71, be double that of 
the short one, what must be the proportion between the power and the weigbtl 
What is said of t lie application of the law of virtual velocities to the inclined 
plane? Explain Fig. 72, and show why the power must fall twice as far as the 
weight rises. 
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to B, to draw the weight that distance ; but the vertical 
height to which the weight W is raised, is only from C to 
B. Thus the power, being two pounds, must, fall two feet, 
to raise the weight, four pounds, one foot ; and thus the 
power and weight, multiplied by their several velocities, are 
equal. 

362. When the power of an inclined plane is considered 
as a machine, it must therefore be estimated by the propor- 
tion which the length bears to the height ; the power being 
increased in proportion, as the elevation of the plane is diminished. 

363. Application to Roads. — Hilly roads may be regarded 
as inclined planes, and loads drawn upon them in carriages, 
considered in reference to the powers which draw them, are 
subject to all the conditions, which we have stated, with re- 
spect to inclined planes,-'' 

The power required to draw a load up a hill, is in pro- 
portion to the elevation of the inclined plane. On a road 
perfectly horizontal, if the power is sufficient to overcome 
the friction, and the resistance of the atmosphere, the car- 
riage will move. But if the road rise one foot in fifteen, be- 
sides these impediments, the moving power will have to lift 
one fifteenth part of the load. 

364. If two roads rise, one at the rate of a foot in fifteen 
feet, and another at the rate of a foot in twenty, then the 
same power that would move a given weight fifteen feet on 
the one, would move it twenty feet on the other, in the same 
time. 

In the building of roads, therefore, both speed and power 
arc very often sacrificed to want of judgment, or ignorance 
of these laws. 

365. A road, as every traveler knows, is often continued 
directly over a hill, when half the power, with the increase 
of speed, on a level road around it, would gain the same 
distance in half the time. 

Besides, where is there a section of country in which the 
traveler is not vexed with roads, passing straight over hills, 
when precisely the same distance would carry him around 
them on a level plane. To use a homely, but very perti- 
nent illustration, " the bale of a pot is no longer, when it 
lies down, than when it stands up." Had this simple fact 
been noticed, and its practical bearing carried into effect 
by road makers, many a high hill would have been shunned 
for a circuit around its base, and many a poor horse;xould he 
t.j vale would thank the wisdom of such a decision! 
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366y\The next simple mechanical power is the wedge. This 
instrument may be considered as two inclined planes, placed 
base to base. 

It is much employed for the purpose of splitting or dividing 
solid bodies, such as wood and stone. 

Fig. 73 represents such a wedge as is usu- p^ p 73 

ally employed in cleaving timber. This in- 
strument is also used in raising ships, and 
preparing them to launch, and for a variety 
of other purposes. Nails, awls, needles, and 
many cutting instruments, act, more or less, 
on the principle of this machine. 

There is much difficulty in estimating the 
power of the wedge, since this depends on 
the force, or the number of blows given it, 
together with the obliquity of its sides. A 
wedge of great obliquity would require hard 
blows to drive it forward, for the same reason 
that a plane, much inclined, requires much 
force to roll a heavy body up it. But were 
the obliquity of the wedge, and the force of 
each blow given, still it would be difficult to ascertain the 
exact power of the wedge in ordinary cases, for, in the 
splitting of timber and stone, for instance, the divided parts 
act as levers, and thus greatly increase the power of the 
wedge. Thus, in a log of wood, six feet long, when split 
one half of its length, the other half is divided with ease, 
because the two parts act as levers, the lengths of which 
constantly increase, as the cleft extends from the wedge. 
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367. The screw is the sixth and 
power. It may be considered as 
a modification of the inclined 
plane, or as a winding wedge. 
It is an inclined plane run- 
ning spirally round a spindle, as 
will be seen by Fig. 74. Sup- 
pose a to be a piece of paper, 
cut into the form of an inclined 
plane and rolled round the 
piece of wood d ; its edge would 

On what principle does the wedge act? In what 



last simple mechanical 
Fig. 74. 




case is this power useful 1 
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form the spiral line, called the thread of the screw. If 
the finger be placed between the two threads of a 
screw, and the screw be turned round once, the finger will 
be raised upward equal to the distance of the two threads 
apart. In this manner, the finger is raised up the inclined 
plane, as it runs round the cylinder. 

368. The power of the screw is transmitted and employed 
by means of another screw called the m/i, through which it 
passes. This has a spiral groove running through it, which 
exactly fits the thread of the screw. 

If the nut is fixed, the screw itself, on turning it round, 
advances forward ; but if the screw is fixed, the nut, when 
turned, advances along the screw. 

Fig. 75 represents the first kind of screw, being such as 
is commonly used in pressing paper, and other substances. 
The nut, N, through which the screw passes, answers 
also for one of the beams of the press. If the screw be 
turned to the right, it will advance downwards, while the nut 
stands still. 



Fis. 75. 



Fig. 76. 




Nut Fixed. 



Screw Fixed. 



369. A screw of the second kind is represented by Fig. 76. 
In this, the screw is fixed, while the nut, N, by being 

What common instruments act on the principle of the wedge ? What difficulty 
is there in estimating the powerof the wedge ? On what principle does the screw 
act ! How is it shown that the screw is a modification of the inclined plane ? Ex- 
plain Fig. 75. Which is the screw, and which the nut ! Which way must the 
screw be turned, to make it advance through the nut ? How does the screw Fig. 
75, differ from Fig. 70? Is the screw ever used as a simple machine 7 By what 
other simple power is it moved 1 
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turned by the lever, L, from right to left, will advance 
down the screw. 

In practice, the screw is never used as a simple me- 
chanical machine ; the power being always applied by means 
of a lever, passing through the head of the screw, as in Fig. 
75, or into the nut, as in Fig. 76. 

370 Power of the Screw. — The screw acts with the com- 
bined power of the inclined plane and the lever, and its force is 
such as to be limited only by the strength of the materials of 
which it is made. 

In investigating the effects of this machine, we must, 
therefore, take into account both these simple mechanical 
powers, so that the screw now becomes really a compound 
engine. 

371. In the inclined plane, we have already seen, that the 
less it is inclined, the more easy is the ascent up it. In ap- 
plying the same principle to the screw, it is obvious, that the 
greater the distance of the threads from each other, the more 
rapid the inclination, and consequently, the greater must be 
the power to turn it. under a given weight. On the contra- 
ry, if the thread inclines but slightly, it will turn with less 
power, for the same reason that a man can roll a heavy 
weight up a plane but little inclined. Therefore, the finei 
the screw or the nearer the threads to each other, the 
greater will be the pressure under a given power. 

372. Let us suppose two screws, the one having the 
threads one inch apart, and the other half an inch apart; 
then the force which the first screw will give with the same 
power at the lever will be only half that given by the second. 
The second screw must be turned twice as many times 
round as the first, to go through the same space, but what is 
lost in velocity is gained in power. At the lever of the first, 
two men would raise a given weight to a given height, by 
making one revolution ; while at the lever of the second, one 
man would raise the sanae weight to the same height, by 
making two revolutioi 

373. It is apparent that the length of the inclined plane, 
up which a body moves in one revolution, is the circumfer- 
ence of the screw, and its height the interval between the 
threads. The proportion of its power would therefore be 

What two simple mechanical powers are concerned in the force of the screw? 
Why does the nearness of (he threads make a difference ill the force of the screw 7 
Suppose onescrew, with its threads one inch apart, and another half an inch apart, 
what will be their difference in force J What is the length of the inclined piane, up 
which a body moves by one revolution of the screw 1 
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cumference of the screw, to the distance between the 
thread.*^ so is the weight to the power." 

374. By this rule the power of the screw alone can be 
found : but as this machine is moved by means-of the lever, 
we n i : t e its force by the combined power of both._ 

In this case, the circumference described by the end of the 
lever employed, is taken-, instead of the circumference of the 
, itself. The means by which the force of the screw 
be found, is therefore by multiplying the circumference 
which the lever describes by the powerj Thus, a the power 
multiplied In/ the circumference which it describes, is equal to 
the weight or resistance, multiplied by the distance between the 
two contiguous threads.'' Hence the efficacy of the screw 
may be increased, by increasing' the length of the lever, or 
by diminishing the distance between the threads. If, then, 
we know the length of the lever, the distance between the 
ids, and the weight to be raised, we can readily calcu- 
late i he power; or, the power being given, and the distance 
of the threads and the length of the lever known, we can 
estimate the weight the screw will raise. 

:!/.">. Tims, suppose the length of the lever to be forty 
inches, the distance of the threads one inch, and the weight 
8000 pounds ; required, the power, at the end of the lever, to 
raise the weight. 

376. The lever being 40 inches, the diameter of the circle, 
which the end describes, is 80 inches. The circumference 
is a little more than three times the diameter, but we will 
call it just three times. Then, 80 x 3 = 240 inches, the cir- 
cumference of the circle. The distance of the threads is 
1 inch, and the weight 8000 pounds. To find the power, 
multiply the weight by the distance of the threads, and 
divide by the circumference of the circle. Thus, 

"•240 x T : : 8000 = 33* 
The power at the end of the lever must therefore be 33-^ 
pounds. In practice this power would require to be increased 
about one-third, on account of friction. 

377. Perpetual Screw. — The force of the screw is some- 
times employed to turn a wheel, by acting on its teeth. In this 
case it is called the perpetual screw. 

\\ !i it would be the height to which the same body would move at one revolution'? 

How I ii i' mated) How may the efficacy of the screw be 

Increased ! The Length of the lever, the distance between the threads, and the 

being known, how can the power be found'! Give an example. What is 

the screw called when il is employed to turn a wheel? 
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378. Fig. 77 represents such 
a machine. It is apparent, that 
bj turning the crank C, the 
wheel will revolve, for the 
thread of the screw passes 
between the cogs of the wine]. 
By means of an axle, through 
the centre of this wheel, like 
the common wheel and axle, 
this becomes an exceedingly 
powerful machine, but like all 
other contrivances for obtaining 
great power, its effective mo- 
tion is exceedingly slow. It 

has, however, some disadvantages, and particularly the 
great friction between the thread of the screw and the teeth 
of the wheel, which wevents it from being generally em- 
ployed to raise weigh ts/y 

379. All these iegchanical towers resolved into 
three. — We have now enumerated and described all the 
mechanical powers usually denominated simple. They are 
six in number, namely, the Lever, Wheel and Axle, Pulley, 
Wedge, Inclined Plane, and Screw. 

380. In respect to the principles on which they act, they 
may be resolved into three simple powers, namely, the lever, 
the inclined plane, and the pulley ; for it has been shown 
that the wheel and axle is only another form of the lever, 
and that the screw is but a modification of the inclined plane. 

It is surprising, indeed, that these simple powers can be so 
arranged and modified, as to produce the different actions in 
all that vast variety of intricate machinery which men have 
invented and constructed. 

381. Card Machine. — The variety of motions we wit- 
ness in the little engine which makes cards, by being 
supplied with wire for the teeth, and strips of leather to 
stick them through, would itself seem to involve more 
mechanical powers than those enumerated. This engine 
takes the wire from a reel, bends it into the form of teeth; 
cuts it off; makes two holes in the leather for the tooth to 
pass through; sticks it through; then gives it another bend 
on the opposite side of the leather; graduates the spaces 



What is the objection to this machine for raising weights 1 How many simple 
mechanical powers are there, and what are they called > How can they b i resolved 
into three simple powers 1 What is said of ih< card-making machinal 
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between the rows of teeth, and between one tooth and 
another; and, at the same time, carries the leather back- 
wards and forwards, before the point where the teeth are in- 
troduced, with a motion so exactly corresponding with the 
motions of the parts which make and stick the teeth, as not 
to produce the difference of a hair's breadth in the distance 
between them. 

382. All this is done without the aid of human hands, 
any farther than to put the leather in its place, and turn a 
crank ; or, in some instances, many of these machines are 
turned at once, by means of three or four dogs, walking on 
an inclined plane which revolves. 

383. Such a machine displays the wonderful ingenuity 
and perseverance of man, and at first sight would seem to 
set at nought the idea that the lever and wheel are the 
chief simple powers concerned in its motions. But when 
these motions are examined singly and deliberately, we are 
soon convinced that the wheel variously modified, is the 
principal mechanical power in the whole engine/ 

384. Use of Machinery. — It has already been stated, 
(328) that notwithstanding the vast deal of time and inge- 
nuity which men have spent on the construction of ma- 
chinery, and in attempting to multiply their powers, there 
has, as yet, been none produced, in which the power was not 
obtained at the expense of velocity, or velocity at the expense 
of power ; and, therefore, no actual force is ever generated 
by machinery. 

385. When men employ the natural elements as a power 
to overcome resistance by means of machinery, there is a 
vast saving of animal labor. Thus mills, and all kinds of 
engines, which are kept in motion by the power of water, or 
wind, or steam, save animal labor equal to the power it takes 
to keep them in motion. 

386. Five Mechanical Powers in one Machine. — An engi- 
neer, it is said, for the purpose of drawing a ship out of the 
water to be repaired, combined the mechanical powers repre- 
sented by Fig. 78, and perhaps no machine ever constructed 
gives greater force with so small a power. 

It involves the lever a, wheel and axle b : the pulley c, the 
inclined plane d, and the screw e. 

What are the chief mechanical powers concerned in its motions'! Is there any 
actual force generated by machinery ! Can great velocity and great force be pro- 
due* d by the Bame machinery t Why not? What is said of employing the natural 
elements as a power J What are the five mechanical powers employed in Fig. 78 1 
Point out on the cut the place of each power. 
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387. To estimate the force of this engine it is neces- 
sary to know the length of the lever, diameter of the 
wheel, &c. 

Suppose then, the sizes of the different powers are as fol- 
lows, viz : 



Fig. 78. 




The Jive Mechanical Poirers. 



Length of the lever a, 18 inches. 

Distance of the thread e, 1 inch. 

Diameter of the wheel b, 4 feet. 

Diameter of the axle, 1 foot. 

Pulleys c and t?, d fixed, 4 strings. 

Heigth of the plane d, one-half its length, . 2 feet. 

Suppose the man turns the lever a, with the power equal 
to 100 pounds, the force on the ship would thus be found, for 
the different laws and rules referring to each mechanical 
power. 

1. One hundred pounds on the lever a, would 
become a force by means of the screw on Pnuil(li- 
the wheel b of 11,309,76 

2. Diameter of wheel four times that of the axle, 4 

45,239.04 

3. The number of pulley strings, 4 

180,956.16 

4. Heigth of the inclined plane half its length, 2 

361.912.32 

The force on the ship therefore would be equal to 361,912 
pounds, or about 161 tons. 
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388. Hydrostatics is the science which treats of the weight, 
pressure, and equilibrium of water, or other fluids, when in a 
state of rest. 

389. Hydraulics is that part of the science of fluids which 
treats of water in motion, and the means of raising and con- 
ducting it in pipes, or otherwise, for all sorts of purposes. 

390. The subject of water at rest, will first claim investi- 
gation, since the laws which regulate its motion will be best 
understood by first comprehending those which regulate its 
pressure. 

391. A fluid is a substance whose particles are easily moved 
among each other, as air and water. 

392. The air is called an elastic fluid, because it is easUy 
compressed into a smaller bulk, and returns again to its orig- 
inal state when the pressure is removed. Water is called a 
/torc-elastic fluid, because it admits of little diminution of 
bulk under pressure. 

393. The non-elastic fluids are perhaps more properly 
called liquids, but both terms are employed to signify water 
and other bodies possessing its mechanical properties. The 
term fluid, when applied to the air, has the word elastic 
before it. 

394. One of the most obvious properties of fluids, is the 
facility with which they yield to the impressions of other 
bodies, and the rapidity with which they recover their 
former state, when the pressure is removed. The cause of 
this, is the freedom with which their particles slide over, or 
among each other ; their cohesive attraction being so slight 
as to be overcome by the least impression. On this want of 
cohesion among their particles seems to depend the peculiar 
mechanical properties of these bodies. 

395. In solids, there is such a connection between the 
particles, that if one part moves, the other part must move 
also. But in fluids, one portion of the mass may be in 

What is hydrostatics 1 How does hydraulics differ from hydrostatics 1 What is 
. fluid 1 What is an elastic fluid 1 Whv is air called an elastic fluid? What sub- 
stances are called liquids? Whal is one of the most obvious properties of liquids? 
On what do the peculiar mechanical properties of fluids depend? 
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motion, while the other is at rest. In solids, the pressure is 
always downwards, or towards the centre of the earth's 
gravity ; but in fluids, the particles seem to act on each 
other as wedges, and hence, when confined, the pressure is 
sideways, and even upwards, as well as downwards. 

396. Elasticity of Water. — Water has com- 
monly been called a non-elastic substance, but it 

is found that under great pressure its volume is ttg-iv- 
slightly diminished, and hence it is proved to be 
elastic. The most decisive experiments on this 
subject were made many years ago by Mr. 
Perkins. 

397. These experiments were made by means 
of a hollow cylinder, Fig. 79, which was closed 
at the bottom, and made water tight at the top, 
by a cap, screwed on. Through this cap, at a 
passed the rod b, which was five-sixteenths of an 
inch in diameter. The rod was so nicely fitted 
to the cap, as also to be water tight. Around 
the rod at c, there was placed a flexible ring, 
which could be easily pushed up or down, but w atcr 
fitted so closely as to remain on any part where elastic. 
it was placed. 

398. A cannon of sufficient size to receive this cylinder, 
which was three inches in diameter, was furnished with a 
strong cap and forcing pump, and set vertically into the 
ground. The cannon and cylinder were next filled with 
water, and the cylinder, with its rod drawn out, and the ring 
placed down to the cap, as in the figure, was plunged into 
the cannon. The water in the cannon was then subjected 
to an immense pressure by means of the forcing pump, after 
which, on examination of the apparatus, it was found that 
the ring c, instead of being where it was placed, was eight 
inches up the rod. The water in the cylinder being com- 
pressed into a smaller space, by the pressure of that in the 
cannon, the rod was driven in, while under pressure, but was 
forced out again by the expansion of the water, when the 
pressure was removed. Thus, the ring on the rod would 
indicate the distance to which it had been forced in, during 
the greatest pressure. 

399. This experiment proved that water, under the pre*- 



In what respect does the pressure of a fluid differ from that of a solid "» Is wafer 
an elastic, or a non-elastic fluid 1 Describe Fig. 79, and t-how how water was found 
to be elastic ? 
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sure of one thousand atmospheres, that is, the weight of 
15,000 pounds to the square inch, was reduced in bulk about 
one part in 24. 

So slight a degree of elasticity under such immense pres- 
sure, is not appreciable under ordinary circumstances, and 
therefore in practice, or in common experiments on this fluid, 
water is considered as non-elastic. 



EQUAL PRESSURE OF WATER. 

400. The purl 'ides of water, and other fluids, when confined, 
press on the vessel which confines them, in all directions, both 
upwards, downwards, and sideways. 

From this property of fluids, together with their weight, 
very unexpected and surprising effects are produced. 

401. The effect of this property, which we shall first ex- 
amine, is, that a quantity of water, however small, will bal- 
ance another quantity, however large. Such a proposition 
at first thought might seem very improbable. But on exam- 
ination, we shall find that an experiment with a very simple 
apparatus will convince any one of its truth. Indeed, we 
every day see this principle established by actual experiment, 
as will be seen directly. 

402. Fig. 80 represents a common p- gQ 
coffee-pot, supposed to be filled up to 

the dotted line a, with a decoction of J ^ u > 

coffee, or any other liquid. The coffee, \\ cl T __7JpJ) 

we know, stands exactly at the same ^tjjj||j|/^ 

height, both in the body of the pot, and ^ ^ Q 

in its spout. Therefore, the small i^^Em 

quantity in the spout, balances the large ' ' 

quantity in the pot, or presses with the 
same force downwards, as that in the 

body of the pot presses upwards. This is obviously true, 
otherwise, the large quantity would sink below the dotted 
line, while that in the spout would rise above it, and run 
over. 

403. The same principle is more strikingly illustrated by 
Fig. 81. 

In what proportion does the bulk of water diminish under a pressure of 15,000 
pounds i" ili'' square inch ! In common experiments, is water considered elastic, 
or non-elastic ? When water is confined, in what direction does it press? How 
does tin- experiment with the cortee-pot show that a small quantity of liquid will 
balance a large one ? Explain Fig. 81, and show how the pressure in the tube is 
equal to the pressure in the cistern. 
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Fie- 81. 




Pressure of Water. 



Suppose the cistern a to be capable 
of holding one hundred gallons, and 
into its bottom there be fitted the tube 

b, bent, as seen in the figure, and capa- 
ble of containing one gallon. The 
top of the cistern, and that of the tube, 
being open, pour water into the tube at 

c, and it will rise up through the per- 
pendicular bend into the cistern, and 
if the process be continued, the cis- 
tern will be filled by pouring water 
into the tube. Now it is plain, that 
the gallon of water in the tube presses 

against the hundred gallons in the cistern, with a force equal 
to the pressure of the hundred gallons, otherwise, that in the 
tube would be forced upwards higher than that in the cis- 
tern, whereas, we find that the surfaces of both stand ex- 
actly at the same height. 

404. From these experiments we learn, " that the pressure 
of a fluid is not in proportion to its quantity, but to its height, 
and that a large quantity of water in an open vessel, presses 
with no more force than a small quantity of the same height." 

405. Pressure equal in vessels of all sizes and shapes. — 
The size or shape of a vessel is of no consequence, for if a 
number of vessels, differing entirely from each other in figure, 
position, and capacity, have a communication made between 
them, and one be filled with water, the surface of the fluid, 
in all, will be at the same elevation. If, therefore, the wa- 
ter stands at an equal height in all, the pressure in one must 
be just equal to that in another, and so equal to that in all 
the others. 

Fie. 82. 




Equal Pressure of }Yater. 



What conclusion, or general truth, is to be drawn from these experiments 1 
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406. To make this obvious, suppose a number of vessels, 
of different shapes and sizes, as represented by Fig. 82, to 
have a communication between them, by means of a small 
tube, passing from the one to the other. If, now, one of 
these vessels be filled with water, or if water be poured into 
the tube A, all the other vessels will be filled at the same 
instant, up to the line B C. Therefore, the pressure of the 
water in A, balances that in 1, 2, 3, &c, while the pressure 
in each of these vessels is equal to that in the other, and so 
an equilibrium is produced throughout the whole series. 

407. If an ounce of water be poured into the tube A, it 
will produce a pressure on the contents of all the other ves- 
sels, equal to the pressure of all the others on the tube; for, 
it will force the water in all the other vessels to rise up- 
wards to an equal height to that in the tube itself. Hence, 
we must conclude, that the pressure in each vessel is not 
only equal to that in any of the others, but also that the 
pressure in any one is equal to that in all the others. 

408. From "this we learn, that the shape or size of a ves- 
sel has no influence on the pressure of its liquid contents, 
but that the pressure of water is as its height, whether the 
quantity be great or small. We learn, also, that in no case 
will the weight of a quantity of liquid, however large, force 
another quantity, however small, above the level of its own 
surface. 

409 Thus far we have considered the fluid as acting only 
in vessels with open mouths, and therefore at liberty to seek 
its balance, or equilibrium, by its own gravity. Its pressure, 
we have seen, is in proportion to its height, and not to its 
quantity. 

410. Now, by other experiments, it is ascertained, that the 
pressure of a liquid is in proportion to its height, and the area 
of its base. 

Suppose a vessel, ten feet high, and two feet in diameter, 
such as is represented at a. Fig, 83, to be filled with 
water: there would be a certain amount of pressure, at c, 

What difference does the shape or size of a vessel make in respect to the pressure 
of a fluid on its bottom ? Explain Fig. 82, and show how the equilibrium is pro- 
duel Suppose au ounce of water be poured into the tube A, what will be its el- 
fect on the contents of the other vessels 1 What conclusion is to be drawn lrom 
pouring the ounce of water into the tube A 1 What is the reason that a large quan- 
tity of water will not force, a small quantity above its own level? Is the torce ot 
water in proportion to its height, or its quantity J How is a small quantity ol water 
shown to press equal to a large quantity by Fig. 821 Explain the reason why the 
pressure is as great at rf, as at c. 
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near the bottom. Let d represent Fig. 83. 

another vessel, of the same diam- 
eter at the bottom, but only a 
foot high, and closed at the top. 
Now if a small tube, the fourth of 
an inch in diameter, be inserted 
into the cover of this vessel, and 
the tube be carried to the height 
of the vessel a, and then the ves- 
sel and tube be filled with water, 
the pressure on the bottoms and 
sides of both vessels to the same 
height will be equal, and jets of 
water starting from d, and c, will p""-^-- 5 ! d 

have exactly the same force, and I J 

spout to the same distance. 

411. This might at first seem improbable, but to convince 
ourselves of its truth, we have only to consider, that any im- 
pression made on one portion of the confined fluid in the 
vessel d, is instantly communicated to the whole mass. 
Therefore, the water in the tube b presses with the same 
force on every other portion of the water in d, as it does on 
that small portion over which it stands. 

Bursting a Cask. — This principle is illus- Fig. 84. 

trated in a very striking manner, by the 
experiment, which has often been made, of 
bursting the strongest wine cask with a few 
ounces of water. 

412. Suppose a, Fig. 84. to be such a cask, 
already filled with water, and suppose the 
tube Z», thirty feet high, to be screwed, water 
tight, into its head. When water is poured 
into the tube, so as to fill it gradually, the 
cask will show increasing signs of pressure, 
by emitting the water through the pores of 
the wood, and between the joints ; and, fi- 
nally, as the tube is filled, the cask will 
burst asunder. 

413. The same apparatus will serve to 
illustrate the upward pressure of water ; for, 
if a small stop-cock be fitted to the upper 
head, on turning this, when the tube is filled, 




How is the same principle illustrated by F , 1 I 
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a jet of water will spirt up with a force, and to a height, 
that will astonish all who never before saw such an experi- 
ment. 

In theory, the water will spout to the same height with 
that which gives the pressure, but, in practice, it is found to 
fall short in the following proportions : 

414. If the tube be twenty feet high, and the orifice for 
the jet half an inch in diameter, the water will spout nearly 
nineteen feet. If the tube be fifty feet high, the jet will rise 
upwards of forty feet, and if a hundred feet, it will rise above 
eighty feet. It is understood, in every case, that the tubes 
are to be kept full of water. 

The height of these jets show the astonishing effects 
that a small quantity of fluid produces when pressing from 
a perpendicular elevation. 

4 1 5. Hydrostatic Paradox. — This paradox, illustrated by 
Fig. 85, consists in experimental proof of the principle al- 



Fig. 85. 




I/i/droslatic Paradox. 

ready insisted on, that water presses according to its height, 
and not to its quantity. Fill a glass jar with wa- 
ter, and balance it on the scale beam F, E, with small 
weights. Then pour out the water, leaving only an inch or 
two°deep, letting the balance weights remain. Replacing 
the jar, which will now stand higher than before, owing to 

" WhaTdoes the hydrostatic paradox show 1 Explain by the figure how the exper- 
Iment 6 made, Sow may a similar experiment be made with common scales. 
How is the upward pressure of water illustrated by the same apparatus ! Under the 
nressure of a column of water twenty feet high, what will be the height of the jet? 
Under ft pressure of a hundred feet, how high will it rise? 
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the loss of water, introduce into it, by means of the crane, 
H, a piece of wood a few lines smaller in all directions than 
the inside of the jar. The wood being adjusted by means 
of the thumb screw, so that the water is made to rise around 
it exactly to the brim, or as high as it stood before any was 
poured out, (the wood not touching the glass,) and it will 
be found that it will exactly balance the weights, us it did 
when full of water, though it now contains only a tenth as 
much as before. 

416. The result will be the same if, instead of the wood, 
the same bulk of cork or lead be placed in the jar, the only 
point being, that, in each case, the water should rise to the 
same height. 

417. The same experiment, in a more simple way, may 
be made with common scales and a pair of tumblers— one a 
little smaller so as to receive the other. Fill the larger 
tumbler with water, and balance it on the scales ; then, af- 
ter pouring out most of the water as above explained, set it 
back, and introduce the small tumbler without touching the 
balances, (which may be done by a steady hand) and when 
the water rises to its former height, the scales will again 
balance as at first. 

418. This experiment, though not so accurate as the one 
before described, will serve to illustrate the principle, and 
may be made in a few minutes by any one having a pair of 
scales and a couple of tumblers. 

These experiments prove, in a very striking manner, that 
the pressure of water is as its height ; and the reason why 
it makes no difference in the result whether the body placed 
in the tumblers be of wood, cork, or lead is, that the solid 
merely takes the place of the fluid, displacing its own bulk. 
and thus the weight remains just as though the water itself 
had remained in the tumbler. Thus, the pressure of a tenth 
part of the water, of equal height, equals the whole. 

419. Hydrostatic Bellows. — An instrument called the 
hydrostatic bellows, also shows, in a striking manner, the 
great force of a small quantity of water, pressing in a pel 
pendicular direction. 

420. This instrument consists of two boards, connected 
together with strong leather, in the manner of the common 

What: is the hydrostatic bellowsl What property of water is this instrument 
designed to show ! Explain Wig. 37. Where is the piston 1 Which is the pump 
narr* ■ ■ » ,; ':!i it works 1 
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Hydraulic Bellows. 



bellows. It is then furnished with 

a tube a, Fig. 86, which communi- Fig. 86. 

cates between the two boards. A 

person standing on the upper board 

may raise himself up by pouring 

water into the tube. If the tube 

holds an ounce of water, and has 

an area equal to a thousandth part 

of the area of the top of the bellows, 

one ounce of water in the tube will 

balance a thousand ounces placed 

on the bellows. 

421. Hydraulic Press. — This 
property of water was applied by 
Mr, Bramah, to the construction of 
his hydraulic press. But instead 
of a high tube of water, which in 
most cases could not be so readily 
obtained, he substituted a strong forcing pump, and instead 
of the leather bellows, a metallic pump, barrel, and piston. 

422. This arrangement will be understood by Fig. 87, 
where the pump barrel, a, 

6, is represented as divided Fig. 87. 

lengthwise, in order to show 

the inside. The piston, c, 

is fitted so accurately to 

the barrel, as to work up 

and down water tight ; both 

barrel and piston being 

made of iron. The thing to 

be broken or pressed, is 

laid on the flat surface, i, 

there being above this, a 

Strong frame tO meet the Hydraulic Press. 

pressure, not shown in the 

figure. The small forcing pump, of which d is the piston, 

and k, the lever by which it is worked, is also made of iron. 

423. Now, suppose the space between the small piston 
and the large one, at to, to be filled with water, then, on 
forcing down the small piston, d, there will be a pressure 
against the large piston, c, the whole force of which will 
be in proportion as the aperture in which c works, is greater 

In the hydrostatic press, what is the proportion between the pressure given by 
the small piston, and the force exerted on the lar<, r e one 7 

10 
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than that in which d works. If the piston, d, is half an inch 
in diameter, and the piston, c, one foot in diameter, then the 
pressure on c will be 576 times greater than that on d. 
Therefore, if we suppose the pressure of the small piston to 
be one ton, the large piston will be forced up against any 
resistance, with a pressure equal to the weight of 576 tons. 
It would be easy for a single man to give the pressure of a 
ton at d, by means of the lever, and, therefore, a man, with 
this engine, would be able to exert a force equal to the weight 
of near 600 tons. 

424. It is evident that the force to be obtained by this 
principle, can only be limited by the strength of the materials 
of which the engine is made. Thus, if a pressure of two 
tons be given to a piston, the diameter of which is only a 
quarter of an inch, the force transmitted to the other piston, 
if three feet in diameter, would be upwards of 40,000 tons ; 
but such a force is much too great for the strength of any 
material with which we are acquainted. 

425. A small quantity of water, extending to a great 
elevation, would give the pressure above described, it being 
only for the sake of convenience, that the forcing pump is 
employed instead of a column of water. 

426. Rupture of a Mountain. — There is no doubt, but in 
the operations of nature, great effects are sometimes pro- 
duced among mountains, by a small quantity of water 
finding its way to a reservoir in the crevices of the rocks 
far beneath. 

Fig. 88. 




Rupture of a Mountain. 



What is the estimated force which a man could give by one of these engines 1 If 
the pressure of two tons be made on a piston of a quarter of an inch in diameter, 
what will be the force transmitted to the other piston of three feet in diameter! 
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427. Suppose, in the interior of a mouutain, at a, Fig. 88, 
there should be a space of ten yards square, and an inch 
deep, filled with water, and closed up on all sides ; and sup- 
pose that, in the course of time, a small fissure, no more than 
an inch in diameter, should be opened by the water, from the 
height of two hundred feet above, down to this little reser- 
voir. The consequence might be, that the side of the 
mountain would burst asunder, for the pressure, under the 
circumstances supposed, would be equal to the weight of 
five thousand tons. 

428. Pressure on vessels with oblique sides. — It is obvious, 
that in a vessel, the sides of which are every where perpen- 
dicular to each other, that the pressure on the bottom will 
be as the height, and that the pressure on the sides will 
every where be equal, at an equal depth of the liquid. 

429. But it is not so obvious, that in a vessel having 
oblique sides, that is, diverging outwards from the bottom, or 
converging from the bottom towards the top, in what manner 
the pressure will be sustained. 

430. Now, the pressure on the bottom of any vessel, no 
matter what the shape may be, is equal to the height of the 
fluid, and the area of the bottom. 

431. Hence the pres- 
sure on the bottom of fi s _ 89. 
the vessel sloping out- 
wards, Fig. 89, will be 
just equal to what it 
would be, were the sides 



perpendicular, and the 

Same would be the Case Pressure on Diverging Sides. 

did the sides slope in- 
wards instead of outwards. 

432. In a vessel of this shape, the sides sustain a pressure 
equal to the perpendicular height of the fluid, above any 
given point. Thus, if the point 1 sustain a pressure of one 
pound, 2, being twice as far below the surface, will have a 
pressure equal to two pounds, and so in this proportion with 
respect to the other eight parts marked on the side of the 
vessel. 

433. On the contrary, did the sides of the vessel slope 
inwards instead of outwards, as represented by Fig. 90, still 

What is said of the pressure of water in the crevices of mountains and its effects! 
Wlial is the pressure on the bottom ofa vessel containing a fluid equal to ? Suppose 
the sides of the vessel slope outwards, what effect does this produce on the pressure 1 
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the same consequences would 
ensue, that is, the perpendicular p^ o qq 

height, in both cases, would ° ' a , 

make the pressure equal. For ■• r; ^vv ^' ■ \ 
although, in the latter case, ;;: bi 3 < ^ft y 

the perpendicular heigth is not \\' k Y P IjL 

above the point pressed upon, \y^±t A 

still the same effect is pro- w ; > ======== ~=^ 

duced by the pressure of the ° n Converging sides. 

fluid in the direction perpendic- 
ular to the plane of the side, and since fluids press equally 
in all directions, this pressure is just the same as though it 
were perpendicularly above the point pressed upon, as in the 
direction of the dotted lines. 

434. To show that this is the case, we will suppose that 
P, Fig. 90, is a particle of the liquid at the same depth below 
the surface as the division marked 5 on the side of the 
vessel ; this particle is evidently pressed downwards by the 
incumbent weight of the column of fluid P, a. But since 
fluids press equally in all directions, this particle must be 
pressed upwards and sideways with the same force that it is 
pressed downwards, and, therefore, must be pressed from P 
towards the side of the vessel, marked 5, with the same force 
that it would be if the pressure was perpendicular above that 
part of the vessel. 
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435. We have seen, that in whatever situation water is 
placed, it always tends to seek a level. Thus, if several 
vessels communicating with each other be filled with water, 
the fluid will be at the same heigth in all, and the level will 
be indicated by a straight line drawn through all the vessels, 
as in Fig. 82. 

It is on the principle of this tendency that the little in- 
strument called the water level is constructed. 

436. The form of this instrument is represented by Fig. 
91. It consists of a tube, a, i, with its two ends turned at 
right angles, and left open. Into one of the ends is poured 
water or mercury, until the fluid rises a little in the angles 
of the tube. On the surface of the fluid, at each end, 
are then placed small floats, carrying upright frames, across 



How is it shown that the pressure of the fluid at 5, is equal to w hat it would have 
been had the liquid been perpendicular above thai point ' 
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which are drawn small 

wires or hairs, as seen Fig. 91. 

at c and d. These 

hairs are called the 

sights, and are across 

the line of the tube. 

437. It is obvious 

that this instrument Water Level. 

will always indicate 

a level, when the floats are at the same height, in respect 
to each other, and not in respect to their comparative 
heights in the ends of the tube, for if one end of the instru- 
ment be held lower than the other, still the floats must 
always be at the same height. To use this level, therefore, 
we have only to bring the two sights, so that one will range 
with the other; and on placing the eye at c, and looking 
towards d, this is determined in a moment. 

This level is indispensable in the construction of canals 
and aqueducts, since the engineer depends entirely on it, to 
ascertain whether the water can be carried over a given hill 
or mountain. 

438. Spirit Level. — The common 

spirit level consists of a glass tube, £' 

Fig. 92, filled with spint of wine, 
excepting a small space in which 
there is left a bubble of air. This 
bubble, when the instrument is laid Spiri[ Level 

on a level surface, will be exactly 
in the middle of the tube, and there- 
fore to adjust a level, it is only necessary to bring the bubble 
to this position. 

The glass tube is inclosed in a brass case, which is cut out 
on the upper side, so that the bubble may be seen, as repre- 
sented in the figure. 

439. This instrument is employed by builders to level 
their work, and is highly convenient for that purpose, since 
it is only necessary to lay it on a beam to try its level. 

440. Improved Water Level. — In this edition we add the 
figure and description of a more complete water level than 
that seen at Fig. 93. 



On what principle is the water level constructed 1 Describe the manner in which 
the level with splits is used, and the reason why the floats will always be at the 
sum. height I What is the use of (lie level? Describe the common spirit level, 
and the method of using it. 

10* 
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Improved Water Level. 



441. hetA,Fig. 
93, be a straight 
glass tube having 
two legs, or two 
other glass tubes 
rising from each 
end at right an- 
gles. Let the tube 
A, and a part of 
the legs, be filled 
with mercury or 
some other liquid, 
and on the sur- 
faces, a b, of the 
liquid, let floats 
be placed carry- 
ing upright wires, 
to the ends of 
which are at- 
tached sights at 

1,2. These sights are represented by 3, 4, and consist of 
two fine threads, or hairs, stretched at right-angles across a 
square, and are placed at right-angles to the length of the 
instrument. 

442. They are so adjusted that the point where the hairs 
intersect each other, shall be at equal heights above the 
floats. This adjustment may be made in the following 
manner : 

443. Let the eye be placed behind one of the sights, 
looking through it at the other, so as to make the points, 
where the hairs intersect, cover each other, and let some 
distant object, covered by this point, be observed. Then let 
the instrument be reversed, and let the points of intersection 
of the hairs be viewed in the same way, so as to cover each 
other. If they are observed to cover the same distant object 
as before, they will be of equal heights above the surfaces 
of the liquid. But, if the same distant points be not observed 
in the direction of these points, then one or the other of the 
sights must be raised or lowered, by an adjustment provided 
for that purpose, until the points of intersection be brought 
to correspond. These points will then be properly adjusted, 
and the line passing through them will be exactly horizontal. 

Explain by Fig. 93, how an exact line may be obtaintd by adjusting the tiphlsl 
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All points seen in the direction of the sights will be on the 
level of the instrument. 

II 1 The principles on which this adjustment depends are 
easily explained : if the intersections of the hairs be at the 
s line distance from the floats, the line joining these intersec- 
tions will evidently be parallel to the lines joining the sur- 
faces a, b, of the liquid, and will therefore be level. But if 
one of these points be more distant from the floats than the 
other, the line joining the intersections will point upwards 
if viewed from the lower sight, and downwards if viewed 
from the higher one. 

445. The accuracy of the results of this instrument, will 
be greatly increased by lengthening the tube A. 

SPECIFIC GRAVITY. 

446. If a tumbler be filled with water to the brim, and an 
egg, or any other heavy solid, be dropped into it, a quantity of 
the fluid, exactly equal to the size of the egg, or other solid, will 
he displaced, and will flow over the side of the vessel. Bodies 
which sink in water, therefore, displace a quantity of the 
fluid equal to their own bulks. 

447. Now, it is found by experiment, that when any solid 
substance sinks in water, it loses, while in the fluid, a portion 
of its weight, just equal to that of the bulk of water 
which it displaces. This is readily made evident by experi- 
ment. 

448. Take a piece of p^ 0,4 
ivory, or any other sub- 
stance that will sink in 
water, and weigh it ac- 
curately in the usual 
manner ; then suspend it 
by a thread, or hair, in 
the empty cup a, Fig. 
94, and balance it, as 
shown in the figure. 
Now pour water into the 
cup, and it will be found 

that the suspended body Weighing in Water. 

will lose a part of its 

weight, so that a certain number of grains must be taken 

from the opposite scale, in order to make the scales balance 




When a solid is weighed in water, why does it lose a part of its weight ? How 
much less will a cubic inch of any substance weigh in water than in air) 
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as before the water was poured in The number of grains 
taken from the opposite scale, show the weight of a quantity 
of water equal to the bulk of the body so suspended. 

449. It is on the principle, that bodies weigh less in the 
water than they do when weighed out of it, or in the air, 
that water becomes the means of ascertaining their specific 
gravities, for it is by comparing the weight of a body in the 
water, with what it weighs out of it, that its specific gravity 
is determined. 

450. Thus, suppose a cubic inch of gold weighs 19 
ounces, and on being weighed in water, weighs only 18 
ounces, or loses a nineteenth part of its weight, it will prove 
that gold, bulk for bulk, is nineteen times heavier than 
water, and thus 19 would be the specific gravity of gold 
And so if a cube of copper weigh 9 ounces in the air, and 
only 8 ounces in the water, then copper, bulk for bulk, is 9 
times as heavy as water, and therefore has a specific 
gravity of 9. 

451. If the body weighs less, bulk for bulk, than water, 
it is obvious that it will not sink in it, and therefore weights 
must be added to the lighter body, to ascertain how much 
less it weighs than water. 

The specific gravity of a body, then, is merely its weight 
compared with the same bulk of water ; and water is thus 
made the standard by which the weights of all other bodies 
are compared. 

452. How to take the Specific Gravity. — To take the spe- 
cific gravity of a solid which sinks in water, first weigh the 
body in the usual manner, and note down the number of 
grains it weighs ; then, with a hair, or fine thread, suspend 
it from the bottom of the scale-dish, in a vessel of water, as 
represented by Fig. 94. As it weighs less in water, weights 
must be added to the side of the scale where the body is 
suspended, until they exactly balance each other. Next, 
note down the number of grains so added, and they will 
show the difference between the weight of the body in air 
and in water. 

It is obvious that the greater the specific gravity of the 
body, the less, comparatively, will be this difference, because 
each body displaces only its own bulk of water, and some 

How is it proved by Fig. 94, that a body weighs less in water than in air? What 
is the specific gravity of a body 1 How are the specific gravities of solid bodies 
taken ■? Why does a heavy body weigh comparatively less in the water than a light 
one 7 
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bodies of the same bulk will weigh many times more than 
others. 

453. For example, suppose that a piece of platina, weigh- 
ing 22 ounces, will displace an ounce of water, while a piece 
of silver, weighing 22 ounces, will displace two ounces of 
water. The platina, therefore, when suspended as above 
described, will require one ounce to make the scales balance, 
while the same weight of silver will require two ounces for 
the same purpose. The platina, therefore, bulk for bulk, will 
weigh twice as much as the silver, and will have twice as 
much specific gravity. 

Having noted down the difference between the weight of 
the body in air and in water, as above explained, the specific 
gravity is found by dividing the weight in air by the loss in 
water. The greater the loss, therefore, the less will be the 
specific gravity, the bulk being the same. 

Thus, in the above example, 22 ounces of platina was 
supposed to lose one ounce in water, while 22 ounces of sil- 
ver lost two ounces in water. Now, 22 divided by 1, the 
loss of the platina, is 22 ; and 22 divided by 2, the loss in the 
silver, is 11. So that the specific gravity of platina is 22, 
while that of silver is 11. The specific gravities of these 
metals are, however, a little less than here estimated. [For 
other methods of taking specific gravity, see Chemistry.] 

HYDROMETER. 

454. The hydrometer is an instrument by which the specific 
gravities of fluids are ascertained by the depth to which the 
instrument sinks below their surfaces. 

Suppose a cubic inch of lead loses, when weighed in water, 
253 grains, and, when weighed in alcohol, only 209 grains, 
then, according to the principle already recited, a cubic inch 
of water actually weighs 253, and a cubic inch of alcohol 
209 grains, for when a body is weighed in a fluid, it loses 
just the weight of the fluid it displaces. 

455. Water, as we have already seen, (451.) is the stand- 
ard by which the weights of other bodies are compared, and 
by ascertaining what a given bulk of any substance weighs 
in water, and then what it weighs in any other fluid, the 

Having taken the difference between the weight of a body in air and in water, by 
what rule is ils sptcitic gravity found 1 Give the example stated, and show how the 
difference between the specific gravities of platina and silver is ascertained. What 
is the hydrometer 1 Suppose a cubic incli of any substance weighs 253 grains less 
in water than in air. what is the actual weight of a cubic inch of water 1 
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comparative weight of water and this fluid will be known. 
For if, as in the above example, a certain bulk of water 
weighs 253 grains, and the same bulk of alcohol only 209 
grains, then alcohol has a specific gravity nearly one-fourth 
less than water. 

It is on this principle that the hydrometer j- jo . g 5 
is constructed. It is composed of a hollow 
ball of glass, or metal, with a graduated 
scale rising from its upper part, and a weight 
on its under part, which serves to balance it 
in the fluid. 

Such an instrument is represented by Fig. 
95, of which b is the graduated scale, and a, 
the weight, the hollow ball being between 
them. 

456. To prepare this instrument for use, 
weights in grains, or half-grains, are put into 
the little ball, a, until the scale is carried 
down so that a certain mark on it coincides 
exactly with the surface of the water. This 
mark, then, becomes the standard of com- Hydrometor. 
parison between water and any other liquid 

in which the hydrometer is placed. If plunged into a fluid 
lighter than water, it will sink below the mark, and, con- 
sequently, the fluid will rise higher on the scale. If the fluid 
is heavier than water, the scale will rise above the surface 
in proportion, and thus it is ascertained in a moment whether 
any fluid has a greater or less specific gravity than water. 

To know precisely how much the fluid varies from the 
standard, the scale is marked ofT into degrees, which indi- 
cate grains by weight, so that it is ascertained very exactly 
how much the specific gravity of one fluid differs from that 
of another. 

457. Water being the standard by which the weights of 
other substances are compared, it is placed as the unit, or 
point of comparison, and is, therefore, 1, 10, 100, or 1000, the 
ciphers being added whenever there are fractional parts 
expressing the specific gravity of the body. It is always 
understood, therefore, that the specific gravity of water is 1 ; 

On what principle is the bydrome ter founded 1 How is this instrument formed'? 
How is the hydrometer prepared for use ? How is it known by this instrument 
whether the fluid is lighter or heavier than water ? What is the standard by which 
the weights of other bodies are compared "! What is the specific gravity of water 1 
When it is said that the specific gravity of a body is 2, or 1, what meaning is intended 
to be conveyed. 
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and when it is said a body has a specific gravity of 2, it is 
only meant that such a body is, bulk for bulk, twice as 
heavy as water. If the substance is lighter than water, it 
has a specific gravity of 0, with a fractional part. Thus, 
alcohol has a specific gravity of 0.809, that is, 809, water 
being 1000. 

By means of this instrument, it can be told with great 
accuracy how much water has been added to spirits, for the 
greater the quantity of water, the higher will the scale rise 
above the surface. 

The adulteration of milk with water, can also be readily 
detected with it, for as new milk has a specific gravity of 
1032, water being 1000, a very small quantity of water mixed 
with it would be indicated by the instrument. 
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Fig. 96. 



458. Take a tube bent like the letter U, and, having filled 
it with water, place a finger on each end, and in this state 
plunge one of the ends into a vessel of water, so that the 
end in the water shall be a little the highest ; then remove 
the fingers and the liquid will flow out, and continue to do 
so until the vessel is exhausted. 

A tube acting in this manner is called a syphon, and is 
represented by Fig. 96. The reason why the water flows 
from the end of the tube, A, and, 
consequently, ascends through 
the other part, is, that there is a 
greater weight of the fluid from B 
to A, than from C to B, because the 
perpendicular height from B to A 
is the greatest. The weight of 
the water from B to A, falling 
downwards by its gravity, tends 
to form a vacuum, or void space, 
in that leg of the tube ; but the 
pressure of the atmosphere on the 
water in the vessel, constantly 
forces the fluid up the other leg of 
the tube, to fill the void space, and 
thus the stream is continued as long as any water remains 
in the vessel. 




Syphon. 



If alcohol has a specific gravity of 809; what, in reference to .this, is the specific 
cvavity of water ? In what manner is a syphon made? Explain the reason wny 
tUe water abends through one leg of the syphon, and descends through the other ? 
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459. The action of the syphon depends upon the same prin- 
ciple as the action of the pump, namely, the pressure of the 
atmosphere, and, therefore, its explanation properly belongs 
to Pneumatics. It is introduced here merely for the purpose 
of illustrating the phenomena of intermitting springs, a 
subject which belongs to Hydrostatics. 

Some springs, situated on the sides of mountains, flow, 
for a while, with great violence, and then cease entirely. 
After a time they begin to flow again, and then Suddenly 
stop, as before. These are called intermitting springs. 
Among ignorant and superstitious people, these strange ap- 
pearances have been attributed to witchcraft, or the influence 
of some supernatural power. But an acquaintance with 
the laws of nature will dissipate such ill founded opinions, 
by showing that they owe their peculiarities to nothing 
more than natural syphons, existing in the mountains from 
whence the water flows. 

4G0. Fig. 97 is the section of a mountain and spring, 



Fig. 97. 




Intermitting Spring. 

showing how the principle of the syphon operates to pro- 
duce the effect described. Suppose there is a crevice, or 
hollow in the rock from a to />, and a narrow fissure leading 
from it, in the form of the syphon, b c. The water from the 



What is an intermitting spring? How is the phenomenon of the intermitting 

SSf l ' x P lame ? \ Ex l 5l r *Xr- 97 ' and show ,ne re «o» w "y such a spring will 
flow and cease lo flow, alternately. v 
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rills f e, filling the hollow, up to the line a d, it will then 
discharge itself through the syphon, and continue to run 
until the water is exhausted down to the leg of the syphon 
b, when it will cease. Then the water from the rills con- 
tinuing to run until the hollow is again filled up to the same 
line, the syphon again begins to act, and again discharges 
the contents of the reservoir as before, and thus the spring 
p, at one moment flows with great violence and the next 
moment ceases entirely. 

The hollow, above the line a d, is supposed not to be filled 
with the water at all, since the syphon begins to act when- 
ever the fluid rises up to the bend d. 

During the dry seasons of the year, it is obvious, that such 
a spring would cease to flow entirely, and would begin again 
only when the water from the mountain filled the cavity 
through the rills. 

Such springs, although not very common, exist in various 
parts of the world. Dr. Atwell has described one in the 
Philosophical Transactions, which he examined in Devon- 
shire, in England. The people in the neighborhood, as 
usual, ascribed its actions to some sort of witchery, and ad- 
vised the doctor, in case it did not ebb and flow readily, 
when he and his friend were both present, that one of them 
should retire, and see what the spring would do, when only 
the other was present. 



CHAPTER VI. 
HYDRAULICS. 



461. It has been stated, (388,) that Hydrostatics is that 
branch of Natural Philosophy, which treats of the weight, pres- 
sure, and equilibrium of fluids, and that Hydraulics has for 
its object, the investigation of the laws which regulate fluids 
in motion. 

If the pupil has learned the principles on which the pres- 
sure and equilibrium of fluids depend, as explained under 
the former article, he will now be prepared to understand 
the laws which govern fluids when in motion. 

The pressure of water downwards, is in the same proportion 

How does the science of Hydrostatics differ from that of Hydraulics 7 
11 
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to its height, as is the pressure of solids in the same direc- 
tion. 

462. Suppose a vessel of three inches in diameter has a 
billet of wood set up in it, so as to touch only the bottom, 
and suppose the piece of wood to be three feet long, and to 
weigh nine pounds ; then the pressure on the bottom of the 
vessel will be nine pounds. If another billet of wood be set 
on this, of the same dimensions, it will press on its top with 
the weight of nine pounds, and the pressure at the bottom 
will be eighteen pounds, and if another billet be set on this, 
the pressure at the bottom will be twenty-seven pounds, and 
so on, in this ratio, to any height the column is carried. 

463. Now the pressure of fluids is in the same proportion ; 
and when confined in pipes, may be considered as one short 
column set on another, each of which increases the pressure 
of the lowest, in proportion to their number and height. 

464. If a ves- 
sel, Fig. 98, be fil- Fig. 98. 
led with water, 
and three aper- 
tures be made in 
its side at E F G, 
the fluid will be 
thrown out in jets, 
falling to the 
earth in the curv- 
ed lines shown. 
The reason why 
these curves dif- 
fer in shape, is, 
that the fluid is 
acted on by two 
forces, namely, 
the pressure of the water above the jet, which produces its 
velocity forward, and the action of gravity, which impels it 
downward. It therefore obeys the same laws that solids 
do when projected forward, and falls down in curved lines, 
the shapes of which depend on their relative velocities. (230.) 

The quantity of water discharged, being in proportion to 

Does the downward pressure of water differ from the downward pressure of 
solids, in proportion? How is the downward pressure of water illustrated 7 
What will be the proportion of a fluid discharged from an orifice of a given size ? 
Why do the lines described by the jets from the vessel, Fig. 98, differ in shape 1 
What two forces act upon the fluid as it is discharged, and how do these forces 
produce a curved line? Does the velocity with which a fluid is discharged, de- 
pend entirely on the pressure ? 




Velocity and Gravity. 
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the pressure, that discharged from each orifice will differ in 
quantity, according to the height of the water above it. 

465. It is found, however, that the velocity with which a 
vessel discharges its contents, does not depend entirely on 
the pressure, but in part on the kind of orifice through which 
the liquid flows. It might be expected, for instance, that a 
tin vessel of a given capacity, with an orifice of, say an inch 
in diameter, would part with its contents sooner than another 
of the same capacity and orifice, whose side was an inch or 
two thick, since the friction through the tin might be con- 
sidered much less than that presented by the other orifice. But 
it has been found, by experiment, that the tin vessel does not 
part with its contents so soon as another vessel, of the same 
height and size of orifice, from which the water flowed 
through a short pipe. And, on varying the length of these 
pipes, it is found that the most rapid discharge, other cir- 
cumstances being equal, is through a pipe,- whose length is 
twice the diameter of its orifice. Such an aperture discharg- 
ed 82 quarts, in the same time that another vessel of tin, 
without the pipe, discharged 62 quarts. 

This surprising difference is accounted for, by supposing 
that the cross currents, made by the rushing of the water 
from different directions towards the orifice, mutually inter- 
fere with each other, by which the whole is broken, and 
thrown into confusion by the sharp edge of the tin, and 
hence the water issues in the form of spray, or of a screw, 
from such an orifice. A short pipe seems to correct this 
contention among opposing currents, and to smooth the 
passage of the whole, and hence we may observe, that 
from such a pipe, the stream is round and well defined. 

466. Proportion between the pressure and the velocity of 
discharge. — If a small orifice be made in the side of a vessel 
filled with any liquid, the liquid will flow out with a force 
and velocity equal to the pressure which the liquid before 
exerted on that portion of the side of the vessel before the 
orifice was made. 

Now, as the pressure of fluids is as their heights, it fol- 
lows, as above stated, that if several such orifices are made, 
the lowest will discharge the greatest, while the highest 
will discharge the least quantity of the fluid. 

What circumstance, besides pressure, facilitates the discharge of water from an 
orifice 1 In a tube' discharging water with the greatest velocity, what is the propor- 
tion between its diameter and its length 1 What is the proportion between the 
quantity of fluid discharged through an orifice of tin and through a short pipe? 
What are the proportions between the velocities of discharge and the heights of the 
orifices, as above explained ? 



Fig. 99 
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467. The velocity of discharge, in the several orifices of 
such a vessel, will show a remarkable coincidence between 
the ratio of increase in the quantity of 
liquid, and the increased velocity of 
a falling body. 

Thus, if the tall vessel, Fig. 99, of 
equal dimensions throughout, be filled 
with the water, and a small orifice be 
made at one inch from the top, or below 
the surface, as at 1 ; and another at 2, 
4 inches below this ; another at 9 in- 
ches ; a fourth at 1 6 inches ; and a 
fifth at 25 inches ; then the velocities 
of discharge, from these several orifices, 
will be in proportion of 1, 2, 3, 4, 5. 

To make this more obvious, we will 
place the expressions of the several ve- 
locities in the upper line of the follow- 
ing table, the lower numbers expres- 
sing the depths of the seveial orifices. 




Velucily of Discharge. 



Velocity, 
Depth, 



2 I 3 
4 I 9 



4 
16 



5 
25 



6 
36 



7 
49 



64 



10 

100 



468. Thus it appears, as in falling bodies, that to produce 
a twofold velocity a fourfold height is necessary. To ob- 
tain a threefold velocity of discharge, a ninefold height is 
required, and for a fourfold velocity, sixteen times the height, 
and so in this proportion, as shown by the table. (93.) 

469. In order to establish the fact, that the velocity with 
which a liquid spouts from an orifice, is equal to the velocity 
which a body would acquire in falling unobstructed from the 
surface of the liquid to the depth of the orifice, it is only 
necessary to prove the truth of the principle in any one 
particular case. 

470. Now it is manifestly true, if the orifice be presented 
downwards, and the column of fluid over it be of small 
height, then this indefinitely small column will drop out of 
the orifice by the mere effect of its own weight, and, there- 
fore, with the same velocity as any other falling body; but 
as fluids transmit pressure in all directions, the same effect 

If in Fig. 99, orifices are made at the distance of 1, 4, 9, 16 and 25 inches from the 
top, then in what ratio of velocity will the water be discharged "> How is it 
proved that the velocity of the spouting liquid is equal to that "of a falling body? 
feuppose a had and a class tube, of the same diameter, which will deliver the 
greates! quantity of liquid in the same tim- ! 
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will be produced, whatever may be the direction of the 
orifice. 

FRICTION BETWEEN SOLIDS AND FLUIDS. 

471. The rapidity with which water flows through pipes 
of the same diameter, is found to depend much on the nature 
of their internal surfaces. Thus a lead pipe, with a smooth 
aperture, under the same circumstances, will convey much 
more water than one of wood, where the surface is rough, 
or beset with points. In pipes, even where the surface is 
as smooth as glass, there is still considerable friction, for in 
all cases, the water is found to pass more rapidly in the 
middle of the stream than it does on the outside, where it 
rubs against the sides of the tube. 

The sudden turns, or angles of a pipe, are also found to 
be a considerable obstacle to the rapid conveyance of the wa- 
ter, for such angles throw the fluid into eddies or currents 
by which its velocity is arrested. 

In practice, therefore, sudden turns are generally avoided, 
and where it is necessary that the pipe should change its 
direction, it is done by means of as large a circle as conve- 
nient. 

472. Water in pipes. — Where it is proposed to convey a 
certain quantity of water to a considerable distance in pipes, 
there will be a great disappointment in respect to the quan- 
tity actually delivered, unless the engineer takes into ac- 
count the friction, and the turnings of the pipes, and 
makes large allowances for these circumstances. If the 
quantity to be actually delivered ought to fill a two-inch 
pipe, one of three inches will not be too great an allowance, 
if the water is to be conveyed to any considerable distance. 

In practice, it will be found that a pipe of two inches in 
diameter, one hundred feet long, will discharge about five 
times as much water as one of one inch in diameter of the 
same length, and under the same pressure. This difference 
is accounted for, by supposing that both tubes retard the mo- 
tion of the fluid, by friction, at equal distances from their 
inner surfaces, and consequently that the effect of this cause 
is much greater in proportion, in a small tube, than in a 
large one. 

Why will a glass tube deliver most 1 What is said of the sudden turnings of a 
tube, in retarding the motion of the fluid 1 How much more water will a two inch 
tube of a hundred feet long discharge, than a one inch tube of the same length 1 
How is this difference accounted for ? How do rivers show the effect of friction in 
retarding the motion of their waters 7 

11* 
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473. Flowing of rivers.— The effect of friction in retard- 
ing the motion of fluids is perpetually illustrated in the 
flowing of rivers and brooks. On the side of a river, the 
water, especially where it is shallow, is nearly still, while 
in the middle of a stream it may run at the rate of five or 
six miles an hour. For the same reason, the water at the 
bottoms of rivers is much less rapid than at the surface. 
This is often proved by the oblique position of floating sub- 
stances, which in still water would assume a vertical di- 
rection. 

Thus, suppose the stick of wood e, 
Fig. 100, to be loaded at one end with 
lead, of the same diameter as the 
wood, so as to make it stand upright 
in still water. In the current of a 
river, where the lower end nearly 
reaches the bottom, it will incline as 
in the figure, because the water is 
more rapid towards the surface than 
at the bottom, and hence the tendency 
of the upper end to move faster than 
the lower one, gives it an inclination 
forward. 




MACHINES FOR RAISING WATER. 



474. The common pump, though a hydraulic machine, 
depends on the pressure of the atmosphere for its effect, and 
therefore its explanation comes properly under the article 
Pneumatics, where the consequences of atmospheric pres- 
sure will be illustrated. 

Such machines only as raise water without the assist- 
ance of the atmosphere, come properly under the present 
article. 

475. Archimedes' Screw. — Among these, one of the most 
curious, as well as ancient machines, is the screw of Archi- 
medes, and which was invented by that celebrated philoso- 
pher, two hundred years before the Christian era, and then 
employed for raising water, and draining land in Egypt. 

476. It consists of a tube, made of lead, or strong leather, 
coiled round a cylinder of wood or iron, as represented by 

Explain Fig. 100. Who is said to have been the inventor of Archimedes' screw J 
When was this screw invented? Explain this machine, as represented in Fig. 101, 
and show how the water is elevated by turning it What must be the inclination of 
this machine ! How was water raised to great heights by it 1 
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Fig. 101. 




Archimedes' Water Sr.reic. 



Fig. 101. It has a support at each end, turning on gudg- 
eons, the upper end being sometimes furnished with cog- 
wheels to give a more easy and rapid motion. Both ends 
are open, the lower one being placed so far under the water 
as not to allow the orifice to come above the surface in turn- 
ing ; the other discharges the water in an interrupted stream. 
The angle at which these machines work depends on the 
manner°of winding the tube on the cylinder ; that is, whether 
the folds touch each other, or are at a distance apart, for it 
is obvious that if the tube passes only a few times around 
the support, this must be in nearly a horizontal position to 
act ; but, if the folds nearly touch, as in the figure, it may be 
placed at an angle of about 50° with the horizon. It will be 
apparent that the direction of each fold must be towards the 
horizon, as the screw turns, otherwise the water would not 
run. This is showed by' the figure. This machine, as 
above stated, is a very ancient invention, but has been re- 
invented in modern times, and employed in most parts of 
Europe. 

477. It has been constructed in various ways besides that 
here represented. One was, to cut a spiral groove in a large 
lo<^ of wood, and cover this with metal, leather, or boards, so 
as°to make it hold the water. The screw being thus sunk 
into the wood, instead of being on the outside, as commonly 
represented. 

478. When it was necessary to raise the water to a great 



HYDRAULICS. 



128 

height, a series, one obliquely above the other, were employed, 
platforms being constructed, with vessels to contain the 
water, the lower end of the second screw taking that which 
was elevated by the first ; the third receiving that carried up 
by the second, and so on. At present we believe this engine 
is no where used except as a curiosity, there being better 
means of raising water. 

This principle is readily illustrated by winding a piece of 
lead tube round a walking stick, and then turning the whole 
with one end in a dish of water, as shown in the figure. 

479. Theory of Archimedes' Screw. — By the following cuts 
and explanations, the manner in which this machine acts 
will be understood. 

480. Suppose the 
extremity 1, Fig. 
102, to be presented 
upwards, as in the 
figure, the screw it- 
self being inclined as 
represented. Then, 
from its peculiar 
form and position, it 
is evident, that com- 
mencing at 1, the 
screw will descend 

until we arrive at a certain point 2 : in proceeding from 2 to 
3 it will ascend. Thus, 2 is a point so situated that the 
parts of the screw on both sides of it ascend, and therefore 
if any body, as a ball, were placed in the tube at 2, it could 
not move in either direction without ascending. Again, the 
point 3 is so situated, that the tube on each side of it de- 
scends ; and as we proceed we find another point, 4, which, 
like 2, is so placed, that the tube on both sides of it ascends, 
and, therefore, a body placed at 4, could not move without 
ascending. In like manner, there is a series of other points 
along the tube, from which it either descends or ascends, as 
is obvious by inspection. 

481. Now let us suppose a ball, less in size than the bore 
of the tube, so as to move freely in it, to be dropped in at 1. 
As the tube descends from 1 to 2, the ball of course will de- 
scend down to 2, where it will remain at rest. 

Next, suppose the ball to be fastened to the tube at 2, and 

How may the principle of Archimedes' screw be readily illustrated 1 Explain th.9 
manner in which a baft would ascend Fig. 102, by turning the screw. 
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suppose the screw to be turned nearly half round, so that the 
end 1 shall be turned downwards, and the point 2 brought 
nearly to the highest point of the curve 1, 2, 3. 

482. This movement of the spiral, it is evident, would 
change the positions of the ascending and descending parts, 
as represented by Fig. 1 03. 

The ball which we 
supposed attached to 
the tube, is now nearly 
at the highest point at 
2, and if detached will 
descend down to 3, 
where it will rest. The 
point at which 2 was 
placed in the first posi- 
tion of the screw is 
marked by 6, in the sec- 
ond position. The ef- 
fect of turning the screw, 
therefore, will be to trans- 
fer the ball from the highest to the lowest point. Another 
half turn of the screw will cause the ball to pass over an- 
other high point, and descend the declivity down to 5, where 
it will again rest. 

483. It is unnecessary to explain the steps by which the 
ball would gain another point of elevation, since it is clear 
that by continuing the same process of action, and of reason- 
ing, the ball would be gradually transferred from the lowest 
to the highest point of the screw. 

Now all that we have said with respect to the ball, would 
be equally true of water in the tube ; and, therefore, if the 
extremity of the tube were immersed in water, so that the 
fluid, by its pressure or weight, be continually forced into the 
extremity of the screw, it would, by making it revolve, be 
gradually carried along the spiral, and thus elevated. 

484. Rope Machine. — Instead of this method, water was 
sometimes raised by the ancients, by means of a rope, or bun- 
dle of ropes, as shown at Fig. 104. 

This mode illustrates in a very striking manner, the force 
of friction between a solid and fluid, for it was by this 
force alone, that the water was supported and elevated. 

485. The large wheel a, is supposed to stand over the well, 
and 6, a smaller wheel, is fixed in the water. The rope is 

What is said concerning the inclination of the tube, in order to insure its action ? 
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Fig. 104 




Rope Machine. 



extended between the two wheels, and 
rises on one side in a perpendicular di- 
rection. On turning the wheel by the 
crank d, the water is brought up by the 
friction of the rope, and falling into a re- 
servoir at the bottom of the frame which 
supports the wheel, is discharged at the 
spout d. 

It is evident that the motion of the 
wheel, and consequently that of the 
rope, must be very rapid, in order to 
raise any considerable quantity of water 
by this method. But when the upward 
velocity of the rope is eight or ten feet 
per second, a large quantity of water 
may be elevated to a considerable height 
by this machine, especially if the rope 
be loose and spongy. 

486. Barker's Mill. — For the different modes of applying 
water as a power for driving mills, and other useful pur- 
poses, we must refer the reader to works on practical me- 
chanics. There is, however, one method of turning ma- 
chinery by water, invented by 
Dr. Barker, which is strictly 
a philosophical, and at the 
same time a most curious inven- 
tion, and therefore is properly 
introduced here. 

487. This machine is called 
Barker's centrifugal mill, and 
such parts of it as are neces- 
sary to understand the princi- 
ple on which it acts are repre- 
sented by Fig. 105. 

The upright cylinder a, is a 
tube which has a funnel shaped 
mouth for the admission of the 
stream of water from the pipe b. 
This tube is six or eight inches 
in diameter, and may be from 
ten to twenty feet long. The 
arms u and o, are also tubes 
communicating freely with the 




Explain in what in inner water is ra'se/1 by the rnacliiue represented by Fig. 1(M. 
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upright one, from the opposite sides of which they proceed. 
The shaft d is firmly fastened to the inside of the tube, openings 
at the same time being left for the water to pass to the arms o 
and n. The lower part of the tube is solid, and turns on a 
point resting on a block of stone or iron, c. The arms are 
closed at their ends, near which are the orifices on the sides 
opposite to each other, so that the water spouting from them 
will fly in opposite directions. The stream from the pipe b, 
is regulated by a stop-cock, so as to keep the tube a con- 
stantly full without overflowing. 

To set this engine in motion, nothing is required but the 
force of the water, which being let in by the pipe, descends, 
and spouting from the opposite orifices, the motion immedi- 
ately begins, and if the main tube is of sufficient length, and 
kept full of water, it will in a few minutes acquire a whirl- 
in"- velocity which will astonish any one who has not before 
seen this curious machine. 

With respect to the theory of its motion, Euler, Gregory, 
Brande and others, have written ; and it was formerly sup- 
posed to depend in part on the resistance of the atmosphere, 
but on trial it is said to revolve most rapidly in a vacuum. 
It is therefore difficult to explain very clearly on what its 
motion does depend. Dr. Gregory says, " In this machine 
the water does not act by its weight, or momentum, but by 
its centrifugal force, and the reaction that is produced by the 
flowing of the water on the point immediately behind the 
orifice °of discharge." Dr. Brande says, " The resistance, or 
reaction generated by the water issuing from the side holes, 
is such as to throw the vertical pipe with its arms and axis 
into rapid rotatory motion." 

A model of the running part of this mill may be made by 
any tinner, for a few shillings, and may be kept in constant 
motion, as a curiosity, by the waste water from the water 
ram described a few pages hence. The shaft may be from 
two to four feet in length, and an inch or two in diameter, 
the arms being one half or one-third this size. The orifices 
in the arms must be small, otherwise too much water will be 
required, the quantity discharged being much greater than 
might be supposed. 

After a few revolutions, the machine will receive an addi- 
tion il impulse by the centrifugal force generated in the arms, 
and in consequence of this, a much more violent and rapid 
discharge of the water takes place, than would occur bytfie 

W.uu *F!g lO intended to represent 1 Describe this mill. What is Ihe theory 
->! II ..-.. .'.- in. I! ? 
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pressure of that in the upright tube alone. The centi 
force, and the force of the discharge thus acting at the same 
time.' and each increasing the force of the other, this machine 
revolves with great velocity and proportionate power. The 
friction which it has to overcome, when compared with that 
of other machines, is very slight, being chiefly at the point 
c, where the weight of the upright tube and its contents is 
sustained. 

By fixing a cog wheel to the shaft at d, motion may be 
given to any kind of machinery required. 

488. Where the quantity of water is small, but its height 
considerable, this machine may be employed to great advan- 
tage, it being under such circumstances one of the most 
powerful engines ever invented. 



Fig. 106. 



CHAIN PUMP. 

489. The principle of this machine is ancient, but instead 
of flat boards, as in Fig. 106., pots, or 
deep buckets, were employed. Such 
engines are numerous along the banks 
of the Nile, and in Nubia and Hin- 
dostan, at the present day. 

The construction, as well as the 
action of the chain pump, will be 
understood by the figure. It con- 
sists of a number of square pieces of 
of board, or of thin iron, connected 
together through their centres by 
iron rods, so that they can have no 
lateral motion. These rods are fas- 
tened to each other by hooks and 
eyes, thus forming a chain with long 
links. The ascending side of this 
chain passes through a square box, 
to which these pieces or buckets are 
closely fitted, but not so as to create 
much friction. The lower wheel, 
as well as the lower end of the box, 
must be placed below the surface of 
the water to be raised. 

490. The action of this machine 




Chain Pump. 



What is said of the antiquity and use of the chain pump 1 Describe the construc- 
tion .uid acl ion of this machine. Does the chain pump act bv the pressure of the 
atmosphere or not 1 
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is described in few words. To the upper wheel is attached 
a crank ; or if large quantities of water are to be raised, as 
on board of ships, mill work is added, to multiply the motion 
of the wheel, in order to give the buckets a more rapid as- 
cent through the box. As the end of the box is constantly 
under the water, every board necessarily carries up a portion 
in its ascent, and although a single bucket would elevate 
but a small quantity up to the end of the box, yet as they 
follow each other in rapid succession, a constant stream is 
produced, and thus, when the trunk is a foot in diameter, 
and the power sufficient, it will be obvious that a large 
quantity of water may, in a short time, be elevated by this 
means. 

Although this machine is called a pimp, it will be ob- 
served that the atmosphere is not concerned in its action. 



WATER WHEELS. 



491. Water wheels generally consist of a drum, or hollow 
cylinder, revolving on an axis, while the diameter or exterior 
surface is covered with float-boards, vanes, or cavities called 
buckets, upon which the water acts, first, to give motion to 
the wheel, and then to machinery. Such wheels are of three 
kinds, namely, the overshot, undershot, and breast wheels. 

492. Overshot Wheel. 

—This wheel of all oth- Fig. 107. 

ers, gives the greatest 
power with the least 
quantity of water, and 
is, therefore, generally 
used when circumstan- 
ces will permit, or where 
there is a considerable 
fall, with a limited quan- 
tity of water. The over- 
shot wheel, Fig. 107, re- 
quires a fall equal at 
least to its own diameter, 
and it is customary to 
give it a greater length 
than other wheels, that 
the cells or buckets may 




Overshot Wheel. 



Ol" what do all water wheels consist 1 How many kiiu 
lere 1 What is the chief advantage of the ovtrshot wheel ? 

12 



there 



How many kinds of water wheels are 
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contain a large quantity of water, for it is chiefly by the 
weight, and not the momentum of the fluid that this wheel 
is turned. 

493. In its construction, the drum, or circumference is 
made water-tight, and to this are fixed narrow troughs or 
buckets, formed of iron, or boards, running the whole length 
of the drum. The water is conducted by a trough nearly 
level, and sometimes in width equal to the length of the 
wheel. It falls into the buckets on the top of the wheel, 
and hence the name overshot. The buckets are so con- 
structed as to retain the water until the wheel has made 
about one-third of a revolution from the place of admission, 
when it escapes as from an inverted vessel, and the wheel 
ascends with empty buckets, while on the opposite side they 
are filled with water, and thus the revolution is perpetuated. 
This whole machine and its action are so plain and obvious 
as to require no particular reference. 

494. From the experiments of Mr. Smeaton, it appears, 
that the fall and quantity of water, and the diameter of the 
wheel being the same, the overshot, will produce about 
double the effect of the undershot wheel. 

495. Undershot Wheel. 
— This is so called be- 
cause the water passes 
under instead of over the 
circumference, as in that 
above described. Hence 
it is moved by the mo- 
mentum, not the weight 
of the water. Its con- 
struction, as shown by 
Fig. 108, is different from 
the overshot, since in- 
stead of tight buckets 
to retain the water, it 
has jloat-boards, stand- 
ing like rays around the 
circumference. Thus constructed, this wheel moves equally 
well whether the water acts on one or the other side of the 
boards, and hence is employed for tide wheels, which turn 




Undershot Wheel. 



Is this wheel turned by the weight or momentum of the water t Describe its 
construction. What is said of the construction of the buckets? Circumstances 
beini; equal, how much greater power has the overshot than the undershot wheel! 
Where does the water pass in thp undershot whet!? What kind of force moves 
this wheel ! What is a tide win. 1 I 
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in one direction when the tide is going out, and in the other 
when it is coming in. 

This wheel requires a rapid flow, and a large quantity of 
water, to give it an efficient motion. 

496. Breast Wheel— 
This wheel, in its con- 
struction, or rather in 
the application of the 
moving power, is be- 
tween the two wheels 
already described. In 
this the water, instead 
of passing over, or en- 
tirely under the wheel, 
is delivered in the direc- 
tion of its centre, Fig. 
109. This is one of the 
most common wheels, 
and is employed where 
there is not a sufficient 
fall for the construction of the overshot kind. 

497. The breast wheel is moved partly by the weight, and 
partly by the momentum of the water. But notwithstanding 
this double force, this wheel is greatly inferior to the over- 
shot, in effect, not only because the lever power is diminished 
by the smaller diameter, but also on account of the great 
waste of water which always attends the best constructed 
wheels of this kind. 

498. General Remarks. — In order to allow any of the 
above wheels to act with freedom, and to their fullest power, 
it is absolutely necessary that the water which is discharged, 
at the bottom of the wheel should have a wide and uninter- 
rupted passage to run away, for whenever this is not the 
case it accumulates and forms a resistance to the action of 
the buckets or float-boards, and thus subtracts just so much 
from the velocity and power of the machine. 

499. Hydraulic, or Water Ram. — This beautiful engine 
was invented by Montgolfier, a Frenchman, (and the same 
who first ascended in a balloon) in about 1796. 

The form and construction of this useful machine, which 



How does the breast wheel differ from the overshot and undershot wheels? 
Where does the water strike this wheel 1 By what power is the breust wheel 
moved? Why is this wheel inferior to the overshot 1 What cautions are neces- 
•ary in order 'lo permit am of the wheels described to produoe their full effects? 
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Fig. 110. 




Hydraulic or Water Ram 

is very simple in all its parts, will be understood by Fig. 110. 
Suppose the pipe A, comes from a spring, elevated a few 
feet above the horizontal line B, and that it conveys a con- 
stant stream of water. At the termination of this pipe, there 
is a valve, called a spindle valve, capable of closing its 
orifice when drawn upwards ; on the spindle t, are several 
small weights, by which the valve is made to drop down and 
remain open when the water is still ; the weight of the 
whole being so nicely adjusted, that the movement of the 
running water will elevate it to its place, and thus stop the 
discharge. The weight of this valve, a nice point in the 
construction of the machine, must be just sufficient to make 
it rise by the force of the stream, and sink again when the 
water ceases to flow, thus rising and falling, and in effect 
causing the fluid to stop for an instant, and then renew its 
motion. 

500. Now water in motion acquires a momentum in pro- 
portion to the length of the column, and the height of the 
source, and when in action exerts a force equal to that of a 
solid body of the same length and gravity, pressing down- 
wards from the same elevation. The inelasticity of the 
fluid gives it the property of acquiring motion through the 
whole length of a tube elevated at one extremity, whenever, 
only a small portion is allowed to escape bv its own pres- 
sure Hence, when the valve opens by dropping down, 
all the water in the pipe, however long it may be. in- 

Who invented the water ram ? Explain its construction by Fie 110 On what 
wafeMnXTbeT ^ ™ * """ * P? "" ? Wha ' is Ba ' d ^e motio°n o7ltt 
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stantly moves forward to supply the place of that which 
has thus escaped ; and if the pipe is long and the fountain 
high, ordinary metallic conductors are burst asunder by tho 
shock whenever the stream is interrupted. It is on these 
principles of the force of water, that the Hydraulic Ram is 
founded ; for when the stream is stopped by the rising of the 
valve, as already explained, an outlet is provided by another 
valve u, opening upwards into an air vessel, having a dis- 
charging pipe x, and consequently when the spindle valve 
t is closed, this valve instantly opens, and the water is 
thrown with great force into the air vessel, and through the 
discharging pipe to the place where it is wanted. The 
stream being thus interrupted, and the water becoming still 
under the lower valve, this instantly opens by falling down, 
thus allowing the fluid to discharge itself at r, when the 
motion again raises the valve, and it is stopped, the valve u 
being raised for its escape as before ; and thus this curious 
machine, if well constructed, will act with no other power 
or help, but a little stream of water, for weeks or months. 

501. This engine affords the most efficient, cheap, and 
convenient means of raising water for ornamental, or farm- 
ing purposes ever invented. A spring on a hill near the 
house, or a running brook with an elevation of a few feet, is 
all the power required to supply an abundance of water for 
any private, or even public establishment. Mr. Milling-ton, 
who erected many of these machines in England, states, that 
a very insignificant pressing column is capable of raising 
by the water ram, a very high ascending one, so that a 
sufficient fall may be obtained in almost any running brook, 
by erecting a dam at its upper end to produce a reservoir, 
and then carry the pipe down the natural channel until a 
sufficient fall is obtained. In this way a ram was made to 
raise one hundred hogsheads of water to the height of 134 
feet, in 24 hours, with a fall of 4£ feet. 



CHAPTER VII. 

PNEUMATICS 

502. The term Pneumatics is derived from the Greek, 
pneuma, which signifies breath, or air. It is that science 

What is said of the economy and convenience of the water ram's 
12* 
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which investigates the mechanical properties of air, and other 
clastic fluids. 

Under the article Hydrostatics, (392.) it was stated that 
fluids were of two kinds, namely, elastic, and non-clastic, and 
that air and the gases belonged to the first kind while water 
and other liquids belonged to the second. 

503. The atmosphere which surrounds the earth, and in 
which we live, and a portion of which we take into our 
luno-s at every breath, is called air, while the artificial pro- 
ducts which possess the same mechanical properties, are 
called gases. 

When, therefore, the word air is used in what follows, it 
will be understood to mean the atmosphere which we 
breathe. 

504. Every hollow, crevice, or pore, in solid bodies, not 
filled with a liquid, or some other substance, appears to be 
filled with air : thus a tube of any length, the bore of which 
is as small as it can be made, if kept open, will be filled with 
air; and hence, when it is said that a vessel is filled with 
air, it is only meant that the vessel is in its ordinary state. 
Indeed, this fluid finds its way into the most minute pores of 
all substances, and cannot be expelled and kept out of any 
vessel, without the assistance of the air-pump, or some other 
mechanical means. 

505. By the elasticity of air is meant its spring, or the force 
with which it reacts, when compressed in a close vessel. It 
is chiefly in respect to its elasticity and lightness, that the 
mechanical properties of air differ from those of water, and 
other liquids. 

506. Elastic fluids differ from each other in respect to the 
permanency of the elastic property. Thus, steam is elastic 
only while its heat is continued, and on cooling, returns 
again to the form of water. 

507. Some of the gases, also, on being strongly com- 
pressed, lose their elasticity, and take the form of liquids. 
But air differs from these, in being permanently elastic ; that 
is, if it be compressed with ever so much force, and retained 
under compression for any length of time, it does not there- 
fore lose its elasticity, or disposition to regain its former bulk, 

To what, heights will it throw water in proportion to the fall? What is pneu- 
matics? What is air ? What is gas ? What is meant when it is said that a vessel 
is filled with air ? Is there any difficulty in expelling the air from v< ssels ! What 
is meant by the elasticity of air 1 How does air differ from steam and some of the 
gases, in respect to its elasticity ? Does air lose its elastic force by being long com- 
pressed 1 
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Fig. 111. 
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but always reacts with a force in proportion to the power 
by which it is compressed. 

508. Compression by Experiment. — Thus. 
if the strong tube, or barrel, Fig. Ill, be 
smooth, and equal on the inside, and there 
be fitted to it the solid piston, or plug a, so 
as to work up and down, air tight, by the 
handle b, the air in the barrel may be com- 
pressed into a space a hundred times less 
than its usual bulk. Indeed, if the vessel 
be of sufficient strength, and the force em- 
ployed sufficiently great, its bulk may be 
lessened a thousand times, or in any propor- 
tion, according to the force employed ; and if 
kept in this state for years, it will regain its 
former bulk the instant the pressure is re- 
moved. 

Thus, it is a general principle in Pneumatics, 
ilia: air is compressible in proportion to the force employed. 

509. Expansion of the air. — On the contrary, when the 
usual pressure of the atmosphere is removed from a portion 
of air, it expands and occupies a space larger than before ; 
and it is found by experiment, that this expansion is in a 
ratio, as the removal of the pressure is more or less complete. 
Air also expands or increases in bulk, when heated. 

If the stop-cock, c, Fig. 1 11, be opened, the piston a may 
be pushed down with ease, because the air contained in the 
barrel will be forced out at the aperture. Suppose the piston 
to be pushed down to within an inch of the bottom, and then 
the stop cock closed, so that no air can enter below it. Now, 
on drawing the piston up to the top of the barrel, the inch 
of air will expand and till the whole space, and were this 
space a thousand times as large, it would still be filled with 
the expanded air, because the piston removes the pressure of 
the external atmosphere from that within the barrel. 

It follows, therefore, that the space which a given portion 
of air occupies, depends entirely on circumstances. If it is 
under pressure, its bulk will be diminished in exact propor- 
tion : and as the pressure is removed, it will expand in pro- 
portion, so as to occupy a thousand, or even a million times 
as much space as before. 

In what proportion lo 1 1 1 »■ force employed is the hulk of air lessened? In what 
proportion will a quantity of air increasi in bulk as the pressure is removed from 
it? How is this illu*tfattd by Fig. 111 1 Oil what e rcumstances, therefore, WBl 
toe bulk of a given port.ou oi t.rd ptuil ! 
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Fig. 112. 



510. Another property which air possesses is weight, or 
gravity. This property, it is obvious, must be slight, when 
compared with the weight of other bodies But that air has 
a certain degree of gravity in common with other ponderous 
substances, is proved by direct experiment. Thus if the air 
be pumped out of a close vessel, and then the vessel be ex- 
actly weighed, it will be found to weigh more when the air 
is again admitted. 

511. Pressure of the Atmosphere. — It is, however, the 
weight of the atmosphere which presses on every part of the 
earth's surface, and in which we live and move, as in an 
ocean, that here particularly claims our attention. 

The pressure of the atmosphere may be easily shown by 
the tube and piston, Fig. 112. 

Suppose there is an orifice to be opened or 
closed by the valve b, as the piston a is moved 
up or down in its barrel. The valve being fas- 
tened by a hinge on the upper side, on pushing 
the piston down, it will open by the pressure of 
the air against it, and the air will make its es- 
cape. But when the piston is at the bottom of 
the barrel, on attempting to raise it again, to- 
wards the top, the valve is closed by the force 
of the external air acting upon it. If, therefore, 
the piston be drawn up in this state, it must be 
against the pressure of the atmosphere, the 
whole weight of which, to an extent equal to 
the diameter of the piston, must be lifted, while 
there will remain a vacuum or void space be- 
low it in the tube. If the piston be only three inches in di- 
ameter, it will require the full strength of a man to draw it 
to the top of the barrel, and when raised, if suddenly let go, 
it will be forced back again by the weight of the air, and 
will strike the bottom with great violence. 

512. Supposing the surface of a man to be equal to 14| 
square feet, and allowing the pressure on each square inch 
to be 15 lbs., such a man would sustain a pressure on his 
whole surface equal to nearly 14 tons. 

513. Now, that it is the weight of the atmosphere which 
presses the piston down, is proved by the fact, that if its di- 



How is it proved that air has weight? Explain in what manner the pressure of 
the atmosphere is shown by IHg. 112. The force pressing on the piston, when drawn 
upward, is sometimes called suction. How is it proved that it is the weight of the 
atmosphere, instead of suction, which makes the p.ston rise with d:mcu!tvl 
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ameter be enlarged, a greater force, in exact proportion, will 
be required to raise it. And further, if when the piston is 
drawn to the top of the tube, a stop-cock, as at Fig. Ill, be 
opened, and the air admitted under it, the piston will not be 
forced down in the least, because then the air will press as 
much on the under, as on the upper side of the piston. 

514. By accurate experiments, an account of which it is 
not necessary here to detail, it is found that the weight of 
the atmosphere on every square inch of the surface of the 
earth is equal to fifteen pounds. If, then, a piston working 
air-tight in a barrel, be drawn up from its bottom, the force 
employed, besides the friction, will be just equal to that re- 
quired to lift the same piston, under ordinary circumstances, 
with a weight laid on it equal to fifteen pounds for every 
square inch of surface. 

515. The number of square inches in the surface of apis- 
ton of a foot in diameter, is 113. This being multiplied by 
the weight of the air on each inch, which being 15 pounds, 
is equal to 1695 pounds. Thus the air constantly presses 
on every surface, which is equal to the dimensions of a circle 
one foot in diameter, with a weight of 1695 pounds. 



516. The air pump is an engine by which the air can be 
pumped out of a vessel, or withdrawn from it. The i>essel so 
exhausted, is called a receiver, and the space thus left in the 
vessel, after withdrawing the air, is called a vacuum. 

The principles on which the air pump is constructed are 
readily understood, and are the same in all instruments of 
this kind, though the form of the instrument itself is often 
considerably modified. 

517. The general principles of 
its construction will be compre- 
hended by an explanation of Fig. 
113. In this figure let R be a glass 
vessel, or receiver, closed at the top, 
and open at the bottom, standing 
on a perfectly smooth surface, 
which is called the plate of the air 
pump. Through the plate is an 
aperture, which communicates 
with the inside of the receiver, and 
the barrel of the pump. The piston 
rod works air tight through the AiT Pum P- 




142 AIU POMP 

barrel. At the extremity of the barrel, there is a valve 
which opens upwards, and is closed as the piston rises. 

518. Now suppose the piston to be drawn up, it will then 
leave a free communication between the receiver R, through 
the orifice to the pump barrel in which the piston works. 
Then if the piston be forced down, it will compress the air 
in the barrel between V and V, and, in consequence, the 
valve E will be opened, and the air so condensed will be 
forced out. On drawing the piston up again, the valve will 
be closed, and the external air not being permitted to enter, 
a partial vacuum will be formed in the barrel, from V to V'. 
When the piston rises again, the air contained in the 
glass vessel, together with that in the passage between the 
vessel and the pump barrel, will rush in to fill the vacuum. 
Thus, there will be less air in the whole space, and conse- 
quently in the receiver, than at first, because all that con- 
tained in the barrel is forced out at every stroke of the piston. 
On repeating the same process, that is drawing up and 
forcing down the piston, the air at each time in the receiver 
will become less and less in quantity, and, in consequence, 
more and more rarefied. For it must be understood, that al- 
though the air is exhausted at every stroke of the pump, that 
which remains, by its elasticity, expands, and still occupies 
the whole space. The quantity forced out at each succes- 
sive stroke is therefore diminished, until, at last, it no longer 
has sufficient force before the piston to open the valve, when 
the exhausting power of the instrument must cease en- 
tirely. 

Now it will be obvious, that as the exhausting power of 
the air pump depends on the expansion of the air within it, 
a perfect vacuum can never be formed by its means, for so 
long as exhaustion takes place, there must be air to be forced 
out, and when this becomes so rare as not to force open the 
valves, then the process must end. 

519. A good air pump has two similar pumping barrels 
to that described, so that the process of exhaustion is per- 
formed in half the time that it could be performed by one 
barrel. 

What is the pressure of the atmosphere on every square inch of surface on the 
earth? What is the number of square inches in a circle of one foot in diameter! 
What is the weight of the atmosphere on the surface of a foot in diameter ? What 
is an air pump 7 What is the receiver of an air pump 1 What is a vacuum 1 In 
fig. 113, which is the receiver of the air pump 1 When the piston is pressed down, 
■what quantity of air is thrown out 3 When the piston is drawn up, what is formed 
in the barrel 1 How is this vacuum again filled with air ? Is the air pump capable 
of producing a perfect vacuum ! 
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Fig. 114. 




Air Pump. 



The barrels, with 
their pistons, and the 
usual mode of work- 
ing them, are repre- 
sented by Fig. 114. 
The piston rods are 
furnished with racks, 
or teeth, and are 
worked by the toothed 
wheel c, which is 
turned backwards and 
forwards, by the lever 
and handle b. The ex- 
haustion pipe c, leads 
to the plate on which 
the receiver stands, as 
shown in Fig. 113. 
The valves t>, ji, w, and 
m, all open upwards. 

520. To understand how these pistons act to exhaust the 
air from the vessel on the plate, through the pipe c, we will 
suppose, that as the two pistons now stand, the handle b is 
to be turned towards the left. This will raise the piston A, 
while the valve u will be closed by the pressure of the ex- 
ternal air acting on it in the open barrel in which it works. 
There would then be a vacuum formed in this barrel, did 
not the valve m open, and let in the air coming from the re- 
ceiver, through the pipe c. When the piston, therefore, is 
at the upper end of the barrel, the space between the piston 
and the valve m, will be filled with the air from the receiver. 
Next, suppose the handle to be moved to the right, the piston 
A will then descend, and compress the air with which the 
barrel is filled, which, acting against the valve u. forces 
it open, and thus the air escapes. Thus, it is plain, that 
every time the piston rises, a portion of air, however rarefied, 
enters the barrel, and every time that it descends, this por- 
tion escapes, and mixes with the external atmosphere. 

52 1 . The action of the other piston is exactly similar to this, 
only that B rises while A falls, and so the contrary. It will 
appear, on inspection of the figure, that the air cannot 



Why do common air pumps have more than one barrel and piston 7 How are 
the pistons of an air pump worked 1 While the piston A is ascending, which valves 
will be open, and which closed 1 When the piston A descends, what becomes of the 
air with which its barrel is filled 1 
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pass from one barrel to the other, for while A is rising, and 
the valve m is open, the piston B will be descending, so that 
the force of the air in the barrel B, will keep the valve n 
closed. Many interesting and curious experiments, illustra- 
ting the expansibility and pressure of the atmosphere, are 
shown by this instrument. 

522. Having explained the principles and action of the 
air pump, by figures showing its interior construction, we 
here present the student with an external view, Fig. 115, 
of the whole machine. 



Fig. 115. 




Single barrel Air Pump. 



It is a small single barrel pump, those with more barrels 
being of course more complex in structure, and less easily 
understood The barrel, A, is seven inches high and two in 
diameter; the plate, K,is eight inches in diameter ; the piston 
rod, B, works air tight by means of the packing screw J, 
which is fitted to the barrel case, I. The piston is kept perpen- 
dicularly the guide E, through which it works ; the fulcrum 
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prop, H, is eighteen inches high, and the parallel rods, D, 
connect the piston rod and cross-head C with the lever. 

The dome cap, I, contains a valve opening upwards, for 
the escape of the air when the piston rises. This is the only 
valve in this pump, except that in the piston, which, as al- 
ready shown, opens to admit the expanded air from the re- 
ceiver, and force it out at the upper valve. To the dome 
cap, above the valve, is fitted a curved tube, leading to the 
cistern F ; its use is to receive the waste oil which may es- 
cape from that used to lubricate the piston. The globular 
bell-glass, or receiver, L, is fitted by grinding to the brass 
plate on which it stands ; the siphon gauge, G, contains mer- 
cury and communicates with the tube leading from the bar- 
rel to the receiver ; this shows by its scale what proportion 
of air is exhausted from the receiver; within the receiver 
there is seen a protuberance, showing the end of the exhaust- 
ing tube, and into which may be screwed receivers or tubes 
for various experiments. 

I. If a withered apple be placed under the receiver, 
and the air is exhausted, the apple will swell and become 
plump, in consequence of the expansion of the air which it 
contains within the skin. 

IL Ether, placed in the same situation, soon begins to 
boil without the influence of heat, because its particles, not 
having the pressure of the atmosphere to force them together, 
fly off with so much rapidity as to produce ebullition. 

HI. If a bladder partly filled with air, and the neck well 
secured, has the external air exhausted, that within will so 
expand as to burst the membrane. 

IV. If a flask partly filled with water, be placed, with its 
neck in a jar of the same fluid, under the receiver, the rarefied 
air within the flask will drive the water out, but it will rush 
in again when the air is again let into the receiver. 

V. If a burning taper be placed under it, the flame soon 
ceases for want of oxygen to support it. For the same rea- 
son no light is seen from the collision of flint and steel in a 
vacuum. 

VI. If a bell be struck under the receiver, the sound will 
grow faint as the air is exhausted, until it is no longer audi- 
ble. See Acoustics. 

523. Magdeburgh Hemispheres. — One of the most striking 

Why does an apple placed in the exhausted receiver grow plump\ Why does 
ether boil in the same situation ? Why does flame cease in a vacuum 1 Why is a 
bell inaudible in a vacuum 1 

13 
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is made by meane 



illustrations of atmospheric pressure 
of the before named instrument, Fig. 
116. It consists of two hemispheres 
of brass, A and B, fitted to each other 
by grinding, so that when put together 
they perfectly exclude the air. When 
put together without preparation, or 
in the usual manner, they hold no 
stronger than the parts of a snuff-box ; 
but when the air is exhausted from 
within, it will take two strong men, 
if the diameter of the hemispheres are 
six inches, to pull them apart. The 
air is exhausted by unscrewing the 
lower handle and connecting that 
part with the exhausting tube of the 
air pump, and then by turning the key 
its return its prevented. 

The amount of force required to sep- 
arate them, will of course depend on 
their diameter, and may be calculated 
by estimating the pressure to be equal 
to fifteen pounds for every square inch 
of surface, this, as we have seen, (515) being the pressure 
of the atmosphere. 

The same principle is involved when a piece of wet leather, 
with a string in the centre, is pressed on a smooth stone, and 
then pulled by the string. 




Magdeburgh Hemispheres 
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524. The operation of the condenser is the reverse of that of 
the air pump, and is a much more simple machine. The air 
pump, as we have just seen, will deprive a vessel of its ordi- 
nary quantity of air. The condenser, on the contrary, will 
double or treble the ordinary quantity of air in a close vessel, 
according to the force employed. 

This instrument, Fig, 117, consists of a pump barrel and 
piston, a, a stop-cock b, and the vessel c furnished with a 
valve opening downwards. The orifice d is to admit the air, 
when the piston is drawn up to the top of the barrel. 



Describe the Magdeburgh hemispheres. What is the force required to pull them 
apart 1 Why does a piece of wet leather adhere to a smooth surface 1 How does 
the condenser operate t 
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525. To describe its action, let the piston be Fig. 117. 
above d, the orifice being open, and therefore 
the instrument filled with air, of the same den- 
sity as the external atmosphere. Then, on 
forcing the piston down, the air in the pump 
barrel, below the orifice d, will be compressed, 
and will rush through the stop-cock, b, into 
the vessel c, where it will be retained, because, 
on again moving the piston upward, the elasti- 
city of the air will close the valve through 
which it was forced. On drawing the piston 
up again, another portion of air will rush in at 
the orifice d, and on forcing it down, this will 
also be driven into the vessel c ; and this pro- 
cess may be continued as long as sufficient 
force is applied to move the piston, or there is 
sufficient strength in the vessel to retain the 
air. When the condensation is finished, the Condenser. 
stop-cock b may be turned, to render the con- 
finement of the air more secure. 

526. Air Gun. — The magazines of air guns are filled in 
the manner above described. The air gun is shaped like 
other guns, but instead of the force of powder, that of air is 
employed to project the bullet. For this purpose, a strong 
hollow ball of copper, with a valve on the inside, is screwed 
to a condenser, and the air is condensed in it, thirty or forty 
times. This ball or magazine is then taken from the con- 
denser, and screwed to the gun, under the lock. By means 
of the lock, a communication is opened between the maga- 
zine and the inside of the gun-barrel, on which the spring of 
the confined air against the leaden bullet is such as to throw 
it with nearly the same force as gunpowder. 

Bottle Imp. — A curious philosophical toy, called the Bot- 
tle hup, shows in a very striking manner the effects of con- 
densing a small portion of air. 

Procure a glass jar, with a neck, as represented by Fig. 
118, also a piece of India rubber, and a string to secure it 
over the mouth of the jar, so that it shall be perfectly air- 
tight. Next, take a piece of glass tube, about three-eighths 
of an inch in diameter, and with a file cut off pieces an 
inch long, and into one end of each put a cork stopper of 
such size as to make most of the cork swim on the surface 



Explain Fig. 117, and show in what manner the air is condensed. Explain the 
principle of the air gun. 
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when the tube is placed in the water. The Fig. 1 
tubes must now be partly filled with water, so 
that they will just balance themselves in the 
fluid without sinking, the air remaining in then- 
upper halves. 

Having prepared the tubes with their corks in 
this manner, and placed them in the jar nearly 
filled with water, tie on the rubber cap with a 
good long string, so that no air can escape, and 
this little apparatus is finished. 

Now press upon the rubber with the hand, and 
the floating tubes will immediately begin to de- 
scend, and will strike the bottom of the jar, 
one after the other, with an audible stroke, and 
will rise again when the pressure ceases. 

Many a philosophical head, on seeing this ex- 
periment for the first time, has been puzzled to 
assign any cause why these little objects should Bottle imp. 
fall and rise in this manner, the hand not going 
near them, there being several inches of air between the cap 
and the water. 

527. The explanation will be obvious on setting the jar 
between the light and the eye, and watching a tube when 
the pressure is made, for the water will be seen to rise in it 
at the moment it begins to fall, and sink again as it rises. 
The pressure of the hand is transmitted through the elastic 
rubber and air, to the water, and so to the air in the tube, 
which being thus condensed, takes in more water than its 
buoyancy can sustain, and it sinks — rising again when the 
air is allowed to expand, and drive out. the water. 
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528. Suppose a, Fig. 1 19, to be a long tube, with the piston 
b so nicely fitted to its inside, as to work air tight. If the 
lower end of the tube be dipped into water, and the piston 
drawn up by pulling at the handle c, the water will follow 
the piston so closely, as to be in contact with its surface, and 
apparently to be drawn up by the piston, as though the 
whole was one solid body. If the tube be thirty-five feet 
long, the water will continue to follow the piston, until it 
comes to the height of about thirty-three feet, where it will 

Explain the manner of constructing the bottle imp. Explain the reason why the 
floats in the water imp are influenced by the pressure. 
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stop, and if the piston be drawn up still far- Fig. 1 19. 
ther, the water will not follow it, but will 
remain stationary, the space from this height, 
between the piston and the water, being left 
a void space or vacuum. 

529. The rising of the water in the above 
case, which only involves the principle of the 
common pump, is thought by some to be 
caused by suction, the piston sucking up the 
water as it is drawn upward. But accord- 
ing to the common notion attached to this 
term, there is no reason why the water 
should not continue to rise above the thirty- 
three feet, or why the power of suction should 
cease at that point, rather than at any other. 
Without entering into any discussion on the 
absurd notions concerning the power of suc- 
tion, it is sufficient here to state, that it has 
long since been proved, that the elevation of 
the water, in the case above described, de- 
pends entirely on the weight and pressure of 
the atmosphere on that portion of the fluid 
which is on the outside of the tube. Hence, 
when the piston is drawn up under circumstances where 
the air cannot act on the water around the tube, or pump 
barrel, no elevation of the fluid will follow. If an atmos- 
pheric pump, or even the suction hose of a fire engine, be in- 
serted into the side of a tight cask filled with fluid, all the 
force of what is called suction may be exerted by the pump 
or engine in vain ; for the liquid will not rise until an aper- 
ture, admitting the atmosphere, is made in some part of the 
cask. It may be objected that wells, though covered sev- 
eral feet deep with earth, still admit water to be drawn from 
them by pumps, with all the facility of those which are open. 
But it must be remembered that the ground is porous, ad- 
mitting the atmosphere to an unknown depth from the sur- 
face, and hence wells cannot be covered by any common 
means so as to exclude sufficient atmospheric pressure for 
the purpose in question. That the pump will not raise water 

Suppose the tube, Fig. 119, to stand with its lower end in the water, and the pis- 
ton a to be drawn upward thirty-five feet, how far will the water follow the piston 1 
What will remain in the tube between the piston and the water, after the piston 
rises higher than thirty-three feet 1 What is commonly supposed to make the water 
rise in such cases 1 Is there any reason why the suction should cease at thirty-three 
feet 7 What is the true cause of the elevation of the water, when the piston, Fig. 
119, is drawn up 1 

13* 
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without, the influence of the atmosphere, will be seen by the 
following experiment. 

530. Proof that the pump acts by external 
pressure.— -Suppose Fig. 120 to be. the sec- 
tions or halves, of two tubes, one withm the 
other, the outer one being made entirely close, 
so as to admit no air, and the space between 
the two being also made air-tight at the top. 
Suppose, also, that the inner tube being left 
open at the lower end, does not reach the 
bottom of the outer tube, and thus that an 
open space be left between the two tubes eve- 
ry where, except at their upper ends, where 
they are fastened together ; and suppose that 
there is a valve in the piston, opening up- 
wards, so as to let the air which it contains 
escape, but which will close on drawing the 
piston upwards. Now, let the piston be at a, 
and in this state pour water through the 
stop-cock, c, until the inner tube is filled up 
to the piston, and the space between the two 
tubes filled up to the same point, and then let 
the stop-cock be closed. If now the piston 
be drawn up to the top of the tube, the water 
will not follow it, as in the case of Fig. 
119; it will only rise a few inches, in con- 
sequence of the elasticity of the air above the 

water, between the tubes, and in the space above the water, 
there will be formed a vacuum between the water and the 
piston, in the inner tube. 

531. The reason why the result of this experiment differs 
from that before described, is, that the outer tube prevents the 
pressure of the atmosphere from forcing the water up the 
inner tube as the piston rises. This may be instantly proved, 
by opening the stop-cock c, and permitting the air to press 
upon the water, when it will be found, that as the air rushes 
in, the water will rise and fill the vacuum, up to the piston. 

For the same reason, if a common pump be placed in a 
cistern of water, and the water is frozen over on its surface, 
so that no air can press upon the fluid, the piston of the 

How is it shown by Fig. 120 that it is the pressure of the atmosphere which causes 
the water to rise in the pump barrel? Suppose the ice prevents the atmosphere 
from pressing on the water in a vessel, can the water be pumped out 1 What con- 
clusion follows from the experiments above described ] How is it proved that the 
pressure of the atmosphere is equal to the weight of a column of water 33 feet high! 



BAROMETER. j 5 ^ 

pump might be worked in vain, for the water would not, as 
usual, obey its motion. 

532. It follows, as a certain conclusion from such experi- 
ments, that when the lower end of a tube is placed in water, 
and the air from within removed by drawing up the piston, 
that it is the pressure of the atmosphere on the water around 
the tube, which forces the fluid up to fill the space thus left 
by the air. It is also proved, that the weight, or pressure of 
the atmosphere, is equal to the weight of a perpendicular 
column of water 33 feet high, for it is found {Fig. 1 19) that 
the pressure of the atmosphere will not raise the water more 
than 33 feet, though a perfect vacuum be formed to any 
height above this point. Experiments on other fluids, prove 
that this is the weight of the atmosphere, for if the end of 
the tube be dipped in any fluid, and the air be removed from 
the tube, above the fluid, it will rise to a greater or less 
height than water, in proportion as its specific gravity is less, 
or greater than that fluid. 

533. Mercury, or quicksilver, has a specific gravity of 
about 1 3-£ times greater than that of water, and mercury is 
found to rise about 29 inches in a tube under the same cir- 
cumstances that water rises 33 feet. Now, 33 feet is 396 
inches, which being divided by 29, gives nearly 13^, so that 
mercury being 1 3-£ times heavier than water, the water will 
rise under the same pressure 13-J- times higher than the 
mercury. 

534. Construction of the Barometer. — pig, 121. 
The barometer is constructed on the prin- 
ciple of atmospheric pressure, which we 
have thus endeavored to explain and il- 
lustrate to common comprehension. This 
term is compounded of two Greek words, 
baros, weight, and metron, measure, the 
instrument being designed to measure the 
weight of the atmosphere. 

Its construction is simple and easily 
understood, being merely a tube of glass, 
nearly filled with mercury, with its lower 
end placed in a dish of the same fluid, 
and the upper end furnished with a 
scale, to measure the height of the mer- 
cury. 
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exDeriments on other fluids show that the pressure of the atmosphere is 
,e w eTgM of a column of water 33 feet high 7 How high does mercury m 
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535. Let a, Fig. 121, be such a tube, thirty-four or 
thirty-five inches long-, closed at one end, and open at 
the other. To fill the tube, set it upright, and pour the 
mercury in at the open end, and when it is entirely full, 
place the fore finger forcibly on this end, and then plunge 
the tube and finger under the surface of the mercury, 
before prepared in the cup, b. Then withdraw the finger, 
taking care that in doing this, the end of the tube is not 
raised above the mercury in the cup. When the finger is 
removed, the mercury will descend four or five inches, and 
after several vibrations, up and down, will rest at an eleva- 
tion of 29 or 30 inches above the surface of that in the cup, 
as at c. Having fixed a scale to the upper part of the tube, 
to indicate the rise and fall of the mercury, the barometer 
would be finished, if intended to remain stationary It is 
usual, however, to have the tube inclosed in a mahogany or 
brass case, to prevent its breaking, and to have the cup 
closed at the top, and fastened to the tube, so that it can be 
transported without danger of spilling the mercury. 

536. The cup of the portable barometer also differs from 
that described, for were the mercury inclosed on all sides, in 
a cup of wood, or brass, the air would be prevented from act- 
ing upon it, and therefore the instrument would be useless. 
To remedy this defect, and still liave the mercury perfectly 
inclosed, the bottom of the cup is made of leather, which, 
being elastic, the pressure of the atmosphere acts upon the 
mercury in the same manner as though it was not inclosed 
at all. Below the leather bottom, there is a round plate of 
metal, an inch in diameter, which is fixed on the top of a 
screw, so that when the instrument is to be transported, by 
elevating this piece of metal, the mercury is thrown up to 
the top of the tube, and thus kept from playing backwards 
and forwards, when the barometer is in motion. 

• 537. A person not acquainted with the principle of the in- 
strument, on seeing the tube turned bottom upwards, will be 
perplexed to understand why the mercury does not follow the 
common law of gravity, and descend into the cup ; were the 
tube of glass 33 feet high, and filled with water, the lower 
end being dipped into a tumbler of the same fluid, the won- 



What is the principle on which the barometer is constructed 3 What does the ba 
rometer measure 1 Describe the construction of the barometer, as represented by 

,g - ^ 1- „ H< f w ,s l he cup ofthe P or,able barometer made so as to retain the mercu- 
ry, and still allow the air to press upon it 1 What is the use ofthe metallic plate and 
SFXt rf*£ £ 6 bo "? m , of i le ?"P ■ E *P'»i" the reason why the mercurydoesnot 
tail out ofthe baronutrr tube when us open end is downwards. 



BAROMETER 



15c 



der would be still greater. But as philosophical facts, one 
is no more wonderful than the other, and both are readily 
explained by the principles above illustrated. 

538. Water Barometer. — It has already been shown, 
(530.) that it is the pressure of the atmosphere on the fluid 
around the tube, by which the fluid within it is forced up- 
ward, when the pump is exhausted of its air. The pressure 
of the air, we have also seen, is equal to a column of water 
33 feet high, or of a column of mercury 29 inches high. 
Suppose, then, a tube 33 feet high is filled with water, the 
air would then be entirely excluded, and were one of its ends 
closed, and the other end dipped in water, the effect would 
be the same as though both ends were closed, for the water 
would not escape, unless the air was permitted to rush in 
and fill up its place. The upper end being closed, the air 
could gain no access in that direction, and the open end be- 
ing under water, is equally secure. The quantity of water 
in which the end of the tube is placed, is not essential, since 
the pressure of a column of water, an inch in diameter, provi- 
ded it be 33 feet high, is just equal to a column of air of an 
inch in diameter, of the whole height of the atmosphere. 
Hence the water on the outside of the tube serves merely to 
guard against the entrance of the external air. 

539. The same happens to the barometer tube, when filled 
with mercury. The mercury, in the first place, fills the tube 
perfectly, and therefore entirely excludes the air, so that 
when it is inverted in the cup or cistern, all the space above 
29 inches is left a vacuum. The same effect precisely would 
be produced, were the tube exhausted of its air, and the open 
end placed in the cup ; the mercury would run up the tube 
29 inches, and then stop, all above that point being left a 
vacuum. 

The mercury, therefore, is prevented from falling out of the 
tube, by the pressure of the atmosphere on that which re- 
mains in the cistern ; for if this be removed, the air will enter, 
while the mercury will instantly begin to descend. This is 
called the cistern barometer. 

540. Wheel Barometer. — In the barometer described, the 
rise and fall of the mercury is indicated by a scale of inches, 
and tenths of inches, fixed behind the tube ; but it has been 
found that very slight variations in the density of the atmos"- 

Whal BUa the space above 29 inches, in the barometer tube 1 In tf.e common ha- 
rometer, how is the rise and fall of the mercury indicated ? Why was the wheel 
baromeUr invented ! 
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Fig. 122. 



phere are not readily perceived by this method. It being, 
however, desirable that these minute changes should be ren- 
dered more obvious, a contrivance for increasing the scale, 
called the wheel barometer, was invented. 

541 . The whole length of the tube of the 
wheel barometer, Fig. 122, from C to A, is 34 
or 35 inches, and it is filled with mercury, 
as usual. The mercury rises in the short 
leg to the point o, where there is a small 
piece of glass floating on its surface, to 
which there is attached a silk string, pass- 
ing over the pulley p. To the axis of the 
pulley is fixed an index, or hand, and be- 
hind this is a graduated circle, as seen in 
the figure. It is obvious, that a very slight 
variation in the height of the mercury at o, 
will be indicated by a considerable motion of 
the index, and thus changes in the weight 
of the atmosphere, hardly perceptible by the 
common barometer, will become quite ap- 
parent by this. 

542. Heights measured by the Barometer. — 
The mercury in the barometer tube being 
sustained by the pressure of the atmosphere, 
and its medium altitude at the surface of 
the earth being about 29 inches, it might be expected that 
if the instrument was carried to a height from the earth's 
surface, the mercury would suffer a proportionate fall, be- 
cause the pressure must be less at a distance from the earth, 
than at its surface, and experiment proves this to be the case. 
When, therefore, this instrument is elevated to any consider- 
able height, the descent of the mercury becomes perceptible. 
Even when it is carried to the top of a hill, or high tower, 
there is a sensible depression of the fluid, so that the barom- 
eter is employed to measure the height of mountains and the 
elevation to which balloons ascend from the surface of the 
earth. On the top of Mont Blanc, which is about 16,000 feet 
above the level of the sea, the medium elevation of the mer- 
cury in the tube is only 14 inches, while on the surface of 
the earth, as above stated, it is 29 inches. 




W/icel Barometer. 



Explain Fig. 122, and describe the construction of the wheel barometer What is 
stated to be the medium range of the barometer al the »™e of °te elrthl Su£ 
pose the instrument is elevated from the earth, what is ,|,. effec , tl < errmT' 
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543. Principles of the Barometer applied to the water pump. — 
Although the medium range of the barometer in Europe is 
psually calculated at 29 inches, on the level of the sea, it 
does not appear, as might be expected, that the pressure of 
the atmosphere is everywhere the same ; since, from obser- 
vations made in Cambridge, Massachusetts, for the term of 
22 years, the medium range was there nearly thirty inches. 
Now, on comparing the specific gravity of mercury with 
that of water, it is found that 29 or 30 inches of the former 
are equal to 33 or 34 feet of the latter, and hence this is the 
height to which water can be raised by the atmospheric 
pump on the level of the sea. 

Now, as the efficacy of the pump depends on the pressure 
of the atmosphere, the barometer will always indicate the 
height to which it can be raised at any given place. Thus, 
on Mont Blanc, where the barometer stands at only 14 
inches, being less than one half its height on the sea level, 
the water pump would only raise the fluid about 15 feet. 
Hence, engineers and others, who visit elevated countries, 
should calculate by the barometer, from what depth they 
can raise water by serial pressure, before they erect works 
for this purpose. 

At the city of Mexico and at Quito, for instance, the suc- 
tion tube can only act to the depth of 22 or 20 feet, while 
on the Himalay mountains its rise will be only about 8 or 10 
feet. 

544. Use as a weather glass. — While the barometer stands 
in the same place, near the level of the sea, the mercury sel- 
dom or never falls below 28 inches, or rises above 31 inches ; 
its whole range, while stationary, being only about 3 inches. 

These changes in the weight of the atmosphere, indicate 
corresponding changes in the weather, for it is found, by 
watching these variations in the height of the mercury, that 
when it falls, cloudy or falling weather ensues, and that 
when it rises, fine clen.r weather may be expected. During 
the tune when the weather is damp and lowering, and the 
smoke of chimneys descends towards the ground, the mer- 
cury remains depressed, indicating that the weight of the 
atmosphere, during such weather, is less than it is when the 

What is (he medium range of the barometer 1 What is stated to be the medium 
range of the barometer at Cambridge ! To what height ol water is this equal f 
How high will (he pump raise w ater on Mont Blanc I To what heignt m Mexico 
and Quito' [low many inchesdoesa lixed barometer vary in height! When the 
mercury (alls, what kind of weather is indicated I When the mercury rises, what 
kind of weather may ba expected ! When fog and smoke descend towards the 
ground, is it a sign of a light or hi avy atmosphere I 
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sky is clear. This contradicts the common opinion, that the 
air is the heaviest when it contains the greatest quantity of 
fog and smoke, and that it is the uncommon weight of the 
atmosphere which presses these vapors towards the ground. 
A little consideration will show, that in this case the popular 
belief is erroneous, for not only the barometer, but all the 
experiments we have detailed on the subject of specific grav- 
ity tend to show that the lighter any fluid is, the deeper any 
substance of a given weight will sink in it. Common ob- 
servation ought, therefore, to correct this error, for every body 
knows that a heavy body will sink in water while a light 
one will swim, and by the same kind of reasoning ought to 
consider, that the particles of vapor would descend through 
a light atmosphere, while they would be pressed up into the 
higher regions by a heavier air. 

545. The following indications of the barometer with re- 
spect to the weather, may be depended on as correct, being 
tested by the observations of the author : 

I. In calm weather, when the wind, clouds, or sun, indi- 
cates approaching ram, the mercury in the barometer is low. 

II. In serene, fine, settled weather, the mercury is high, 
and often remains so for days. 

III. Before great winds, and during their continuance, from 
whatever quarter they come, the mercury sinks lowest, and 
especially if they come from the south. 

IV. During the coldest, clear days, when a gentle wind 
from the north or west prevails, the mercury stands highest. 

V. After great storms, when the mercury has been lowest, 
it rises most rapidly. 

VI. It often requires considerable time for the mercury to 
gain its wonted elevation after a storm ; and on the contrary, 
it sometimes rains without the usual corresponding change 
in its altitude. 

VII. In general, whether there are any appearances of 
change in the horizon or not, we may prognosticate rain 
whenever the mercury sinks during fine weather. 

VIII. When it rains with the mercury high, we may be 
sure that it will soon be fair. 

546. Use at Sea. — The principal use of the barometer, is 
on board of ships, where it is employed to indicate the ap- 
proach of storms, and thus to give an opportunity of prepar- 

By what analogy is it shown that the air is lightest win n filled with vapor? Men- 
tion the indications of the barometer concerning the weather. Of what use is the 
baromt'te on board of ships 1 
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ing accordingly ; and it is found that the mercury suffers a 
most remarkable depression before the approach of violent 
winds, or hurricanes. The watchful captain, particularly in 
southern latitudes, is always attentive to this monitor and 
when he observes the mercury to sink suddenly, take's his 
measures without delay to meet the tempest. During a vio- 
lent storm, we have seen the wheel barometer sink a hun- 
dred degrees in a few hours. But we cannot illustrate the 
use of this instrument at sea better than to give the following 
extract from Dr. Arnot, who was himself present at the time. 
"It was," he says, "in a southern latitude. The sun had 
just set with a placid appearance, closing a beautiful after- 
noon, and the usual mirth of the evening watch proceeded 
when the captain's orders came to prepare with all haste for 
a storm. The barometer had begun to fall with appalling 
rapidity. As yet, the oldest sailors had not perceived even 
a threatening in the sky, and were surprised at the extent 
and hurry of the preparations ; but the required measures 
were not completed, when a more awful hurricane burst upon 
them than the most experienced had ever braved. Nothing 
could withstand it ; the sails, already furled, and closely 
bound to the yards, were riven into tatters ; even the bare 
yards and masts were in a great measure disabled ; and at 
one time the whole rigging had nearly fallen by the board. 
Such, for a few hours, was the mingled roar of the hurricane 
above, of the waves around, and the incessant peals of thun- 
der, that no human voice could be heard, and amidst the 
general consternation, even the trumpet sounded in vain. 
On that awful night, but for a little tube of mercury which 
had given the warning, neither the strength of the noble ship, 
nor the skill and energies of her commander, could have 
saved one man to tell the tale." 

WATER PUMPS. 

547. There is a philosophical experiment, of which no one 
is ignorant. If one end of a straw be introduced into a ves- 
sel of liquid, and the other end sucked with the mouth, the 
liquid will rise up through the straw, and may be swallowed. 

The principles which this experiment involves are exactly 
the same as those concerned in raising water by the pump. 
The vessel of liquid answers to the well, the straw to the 



When does the mercury suffer the most remarkable depression 1 What remark- 
able instance is stated, where a ship seemed t<> 1"' saved by the use of the barometer 1 
What experiment is stated, as illustrating the principle of the common pump 7 

14 
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pump log, and the mouth acts as the piston, by which the 
air is removed. 

548. The efficacy of the common pump, in raising water, 
depends upon the principle of atmospheric pressure, which 
has been fully illustrated under the articles air pump and ba- 
rometer. 

Water pumps are of three kinds, namely, the sucking, 
or com/nun pump, the lifting pump, and the forcing pump. 

549. Common Metallic 



Fig. 123. 



Pump.— This (Fig. 123.) 
consists of a brass or iron 
barrel, A, containing at its 
upper part a hollow piston 
and valve, opening upward. 
Below this there is anoth- 
er valve, also opening up- 
ward. The pipe and stop- 
cock C, are for the purpose 
of letting the water from 
the barrel to the tube, 
which descends into the 
well. 

The action of this pump 
depends on the pressure of 
the- atmosphere, and will 
be readily understood by 
the pupil who has learned 
what is said under the ar- 
ticles air pump and barom- 
eter. 

550. On raising the lev- 
er, D, the piston, A, de- 
scends down the barrel, the 
lower valve, B, at the same 
moment closing by the 
weight of the water, while the upper one opens and lets the 
water through. Then, on depressing the lever, the piston 
rises, its valve closing, and elevating the water above it. 
By this action a vacuum would be formed between the two 
valves, did not the lower one open and admit the water 




Common Metallic Pump. 



On what does the action of the common pump depend 1 How many kinds t& 
pumps are mentioned I Which kind is the common ? Describe the common 
pump. Explain how the common pump acts. When the lever is depressed, what 
takes place in the pump barrel ? When it is elevated, what takes place 1 
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through the pipe above it. The lever again being worked, the 
same process is repeated, and the water is elevated to the 
spout in an interrupted stream. 

The tube leading from the barrel to the pipe is added for 
the purpose of letting the water escape from the former in 
cold weather, and thus prevent the use of the pump by its 
freezing. 

Mr. Ewbank, from whose admirable Treatise on Hydrau- 
lics the above cut is taken, observes that where long pipes 
are used in raising water, their bore should be enlarged in 
proportion to their length, or the velocity with which the 
valve is raised be diminished, and for the reason, that time is 
required to overcome the inertia and friction of long columns 
of water in pipes. 

Although, in common language, this is called the suction 
pump, still it will be observed that the water is elevated by 
suction, or, in more philosophical terms, by atmospheric pres- 
sure, only above the valve A, after which it is raised by 
lifting up to the spout. The water, therefore, is pressed in- 
to the pump barrel by the atmosphere, and thrown out by 
the power of the lever. 



551. Lifting Pump. The 
lifting pump, properly so cal- 
led, has the piston in the 
lower end of the barrel, and 
raises the water through the 
whole distance, by forcing 
it upward, without the 
agency of the atmosphere. 

552. In the suction pump, 
the pressure of the atmos- 
phere will raise the water 33 
or 34 feet, and no more, af- 
ter which it may be lifted to 
any height required. 

553. Forcing Pump. The 
forcing pump differs from 
both these, in having its pis- 
ton solid, or without a valve, 
and also in having a side 
pipe, through which the 
water is forced, instead of 
rising in a perpendicular di- 
rection, as in the others. 



Fig. 124. 




Forcing Pump. 
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554. The forcing pump is represented by Fig. 124, where 
A is a solid piston, working air tight in its barrel. The 
tube, C leads from the barrel to the air vessel, D. Through 
the pipe, P, the water is thrown into the open air. G is 
a gauge, by which the pressure of the water in the air-ves- 
sel is ascertained. Through the pipe I, the water ascendi 
into the barrel, its upper end being furnished with a valve 
opening upwards. 

555. To explain the action of this pump, suppose the 
piston to be down to the bottom of the barrel, and then to be 
raised upward by the lever L ; the tendency to form a va- 
cuum in the barrel, will bring the water up through the 
pipe I, by the pressure of the atmosphere. Then, on depres- 
sing the piston, the valve at the bottom of the bar- 
rel will be closed, and the water, not finding admittance 
through the pipe, whence it came, will be forced through 
the pipe C, and opening the valve at its upper end, will en- 
ter into the air vessel 1), and be discharged through the pipe 
P, into the open air. 

The water is therefore elevated to the piston barrel by 
the pressure of the atmosphere, and afterwards thrown 
out by the force of the piston. It is obvious, that by this 
arrangement, the height to which this fluid may be thrown, 
will depend on the power applied to the lever, and the 
strength with which the pump is made. 

The air vessel D contains air in its upper part only, the 
lower part, as we have already seen, being filled with wa- 
ter. The pipe P, called the discharging pipe, passes down 
into the water, so that, the air cannot escape. The air is 
therefore compressed, as the water is forced into the lower 
part of the vessel, and reacting upon the fluid by its elas- 
ticity, throws it out of the pipe in a continued stream. The 
constant stream which is emitted from the direction pipe of 
the fire engine, is entirely owing to the compression and 
elasticity of the air in its air vessel. In pumps, without 
such a vessel, as the water is forced upwards only while 
the piston is acting upon it, there must be an interruption of 
the stream while the piston is ascending as in the common 
pump. The air vessel is a remedy for this defect, and is 
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found also to render the labor of drawing the water more 
easy, because the force with which the air in the vessel 
acts on the water, is always in addition to that given by the 
force of the piston. 

556. Atmospheric and Forcing Pump. A curious com- 
bination of the atmospheric and forcing pumps, was invented 
by Mr. Trevethick. Fig. 125. 

The atmospheric one is famished with 
a rod and piston, with the valve C, open- 
ing in the usual manner. The forcing 
piston B, is of solid metal, working wa- 
ter tight in its barrel. The barrels are 
joined above the valve D, attached to the 
water pipe, their pistons being also con- 
nected by a cross-bar between the rods, 
so that they rise and fall together. 

Now when the lever is depressed, and 
the pistons raised, the water above the 
valve C is discharged at the spout in 
the manner of the common suction 
pump, and the space is filled by atmos- 
pheric pressure through the lower valve 
D by the suction pipe. When the pistons 
descend, this valve closes, and the solid 
piston B, drives the water through the 
valve C, and above that piston and to 
the spout. Thus one piston operates 
when the lever rises, and the other w.hen 
it falls, producing in effect a constant 
stream of water from the spout. 

In the construction of this pump, it 
should be considered that as both cyl- 
inders are filled at the same time, the 
suction pipe ought to be large in pro- 
portion. 

557. Stomach Pump. The design of this pump, of which 
there are several varieties, is to throw a fluid into the stomach, 
and again to withdraw it without changing the apparatus, 
but only its position. In cases of poisoning, the contents of 
the stomach may thus be diluted and withdrawn, including 
the deleterious matter, and thus the life of the individual be 
saved. 




Atmospheric and Forc- 
ing Pump. 



Why does the air vessel render the labor of raising the water more easy ? 

14* 
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That here described is from the Journal of the Franklin 
Institute. It consists of a common metallic syringe, A, 
Fig. 126, screwed to a cylindrical valve box, B, which con- 
tains two ovoid cavities, in each of which there is a loose, 



Fie. 126. 




Stomach Pump 



spherical metallic valve. The ends of the cavities are 
pierced, and the valves fit exactly, either of the orifices. 
Thus it makes no difference which end of the valve-box is 
upturned, the valve falling down and closing the orifices in 
either direction. The flexible india rubber tubes, C D, are 
attached to the opposite ends of the cavities. 

Now suppose the then upper tube is introduced into the 
stomach, and the lower one into a basin of warm water; in 
this position, on working the syringe the liquid would be in- 
jected into the stomach, and the poison diluted ; then on re- 
versing the position, by turning the syringe in the hand, 
without withdrawing the tube from the stomach, the valves 
drop on the other orifices, and the water is pumped from the 
stomach into the basin, as represented by the figure. 

This is an interesting and beautiful invention, and no 
doubt has been the instrument of saving many human lives 
in cases of poisoning. 

558. Fire Engine. The fire engine is a modification of 
the forcing pump. It consists of two such pumps, the 
pistons of which arc moved by a lever with equal arms, the 
common fulcrum being at C, Fig. 127. While the piston A 

What is the difference between Trevethxk's pump, and the common atmospheric 
and forcing pump 1 Describe the stomach pump, and .show the reason why it acts 
\q opposite ways on bein^ turned over. 
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is descending, the other piston, B, is ascending. The wa- 
ter is forced by the pressure of the atmosphere, through the 
common pipe P, and then dividing, ascends into the working 
bands of each piston, where the valves, on both sides, pre- 
vent its return. By the alternate depression of the pistons, 
it is then forced into the air box D, and then by the direction 
pipe E, is thrown where it is wanted. This machine acts 
precisely like the forcing pump, only that its power is doubled, 
by having two pistons instead of one. 



Fig. 127. 



Fig. 128. 




Fire Engine. 



Rotary Pump. 



559. Rotary Pump. This is an ancient invention, though 
more than once reinvented and constructed in various forms 
in modern times. That here represented, Fig. 128, accord- 
ing to Mr. Ewbank, from whom the cut is taken, is one of 
the oldest, as well as best ever constructed. 

The design is to produce a continued stream, by simply 
turning a crank, thus converting the piston into cog-wheels, 
and the vertical motion into a rotary one. 

Its construction is as follows. Two metallic cog-wheels, 



Explain Fig. 127. and describe the action of the fire emrine. What causes the 
continued stream from the direct on pipe of this engine? What is said ot the an- 
tiquity of the rotary pump ' Exn'n.n its construction by the figure. 
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with obtuse teeth, are inclosed in a metallic case, so nicely fit- 
ted to each other that the water cannot escape between them. 
The teeth also work so accurately between each other as to 
retain the fluid. The axle of one of the wheels is continued 
through one side of the case to receive the crank by which 
it is turned, the joint being secured by a collar of leather. 

One side of the case being removed in the figure to show 
the construction, it will be observed that the motion of one 
wheel will turn the other in the opposite direction, the ar- 
rows showing the course of the water. 

Now the wheels being water-tight between themselves 
and both sides of the case, the only vacant spaces for the 
water are those between the cogs, as they revolve, and the 
diameter of the case. 

The machine being put in motion, the water enters the 
case by the suction pipe B, is carried up by the cogs in suc- 
cession, and these being always in contact, it cannot escape 
except at. the forcing pipe A, where it issues in a continued 
stream. This, therefore, is a suction and forcing pump in 
one. 

But the friction is such between the metallic surfaces that 
the machine remains perfect only for a short time, nor does 
it appear that the recent improvements in this sort of pump 
has been such as to bring it into general use, and the defects 
of the plan seem to be insuperable. 

560. Fountain of Hiero. There is a beautiful fountain, 
called the fountain of Hiero, which acts by the elasticity of the 
air, and on the principle of hydrostatic pressure. Its 
construction will be understood by Fig. 129, but its form 
may be varied according to the dictates of fancy or taste. 
The boxes A and B, together with the two tubes, are made 
air-tight, and strong, in proportion to the height it is desired 
the fountain should play. 

561. To prepare the fountain for action, fill the box A through 
the spouting tube, nearly full of water. The tube C, reaching 
nearly to the top of the box, will prevent the water from pas- 
sing downwards, while the spouting pipe will prevent the 
air from escaping upwards, after the vessel is about half filled 
with water. Next, shut the stop-cock of the spouting pipe, and 



What objection to tins pump is stated ? How is the fountain of Hiero construc- 
ted? On what will the height of the jet from Hiero's fountain depend? In what 
respects are action of heat and light the same! In what respects are their phe- 
nomena dissimilar ? In what ways are the rays of light diffustd i What is meant 
by reflection ot heat ? 
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pour water into the open vessel Fig. 129. 

D. This will descend into the 
vessel B, through the tube E, 
which nearly reaches its bottom, 
so that after a few inches of wa- 
ter are poured in, no air can es- 
cape, except by the tube C, up 
into the vessel A. The air will 
then be compressed by the 
weight of the column of water 
in the tube E, and therefore the 
force of the water from the jet- 
pipe will be in proportion to the 
height of this tube. If this tube 
is 20 or 30 feet high, on turning 
the stop-cock, a jet of water will 
spout from the pipe that will 
amuse and astonish those who 
have never before seen such an 
experiment. 




CHAPTER VIII. 

HEAT, AND THE LAWS OF ITS ACTION. 

In respect to the laws of incide.. ,e and reflection, and in many 
other respects the phenomena of light and heat are the same. 
But in respect to trans?nission, radiation, distribution, effects 
on other substances, both chemical and mechanical, and the 
manner in which it affects our senses, there is, it is well 
known, great differences. 



DISTRIBUTION OF HEAT. 

562. The rays of heat falling on a body are disposed of 
in three ways. 1, they may be reflected, or rebound from 
the surface ; 2, they may be absorbed or received into the 
substance of the body ; or 3, they may be transmitted, or pass 
through its substance. 

563. Reflection. Radiant heat, that is, heat flowing 
from any hot body, is like light reflected from polished sur- 
faces, and as in light, the angle of reflection is equal to that 



irr DISTRIBUTION OF HEAT 

of incidence. Those surfaces, however, which reflect light 
most perfectly, are not always the best reflectors of heat. 




as much heat as a glass mirror. 

564. Absorption. Radiant heat is absorbed with very dif- 
ferent facilities by bodies and surfaces of different kinds 
Those surfaces which radiate most readily, absorb heat with 
the greatest facility, and on the contrary, those surfaces 
which radiate feebly, do not readily absorb heat. Thus a 
plate of tin, if painted black, will both absorb, and radiate 
perfectly ; while, if the surface retains its bright metallic 
polish, it will neither absorb nor radiate. Hold the black 
surface near the fire, and the metal will soon become too 
hot for the fingers ; while the bright surface will not become 
even warm, by the same exposure. There is also a dif- 
ference between culinary heat and that of the sun, with re- 
spect to absorption, for if a piece of plate glass be held be- 
fore the fire it soon becomes hot, while every window shows 
by the temperature of the glass, that it does not absorb the 
heat of the sun. 

565. Transmission. Most transparent substances trans- 
mit heat, that is, allow it to pass through their pores, with 
more or less facility ; in this respect, however, experiment 
proves that there are great differences in bodies, where from 
external appearance, little or none might be expected. 
Thus, rock-crystal transmits heat very perfectly, while alum, 
though equally transparent, admits few of the calorific rays, 
to pass through it. This difference is so great, that a piece 
of smoky, brown rock-crystal, which was fifty-eight times 
thicker than a transparent plate of alum, transmitted 19 
rays, while the alum transmitted only 6. The cause of this 
remarkable difference is unknown, though probably it de- 
pends on the crystaline structure of the two substances. 

566. Operation of these laws. The general diffusion of 
heat seems to depend on the operation of the above descri- 
bed natural laws, and hence it is, that in the same vicinity, 
two thermometers graduated alike, and equally exposed, al- 
ways indicate the same temperature. 

What by absorption 1 What by radiation? What surfaces reflect hot best f 
Give examples. What surfaces possess the greatest absorbing powi is I Examples 
Give examples of the transmission of heat through substances. What are flu m<-;uis 
of the general diffusion of heat ? By what means is it said this law is illustrated ill 
rooms? 
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When the sun, that universal source of heat, as well as 
of light, radiates his rays upon the earth, they are absorbed 
by some bodies, and transmitted, or reflected by others, 
according to their several powers, or natures. But the great 
means of the general and equal diffusion of heat, is the 
earth itself, and the atmosphere with which it is surrounded. 
Having absorbed the radiant heat of the sun, the ground be- 
comes in its turn, a radiant source to all surrounding objects, 
while the atmosphere acts as a perpetual absorbent, rising 
up from the earth, in proportion to the quantity of heat it 
obtains, and again sinking down, in cooler places. Thus 
there is a constant interchange among the warmer, and 
cooler strata of the atmosphere, while currents in the form 
of wind, tend to mix these with each other, making the 
temperature, at the same distance from the earth and in the 
same vicinity everywhere the same. This law of equal dis- 
tribution is strikingly illustrated in rooms warmed by the 
admission of hot air from beneath, for although the register, 
or place of admission may be in one corner, or through the 
partition, still the temperature in every part of the room, with 
the exception of over the register, is the same. Even rooms, 
30 or 40 feet in length, and when the air is admitted through 
only one register, and this in a corner, are made equally 
comfortable throughout, by this admirable method. 

THERMOMETER. 

567. Did not the heat diffuse itself as above described, the ther- 
mometer would be entirely useless, since several in the same vi- 
cinity, though graduated exactly alike, would indicate different 
temperatures. 

The term thermometer comes from two Greek words, signi- 
fying heat measurer ; and its use strictly corresponds to the 
name, being an instrument for comparing the degrees of free 
heat existing in other bodies. This it does by the expansion 
and contraction of a fine thread of mercury, confined in a 
glass tube, having a small reservoir of the same metal at the 
lower end, called the bulb. 

568. Mercury is employed for this purpose for several rea- 
sons ; one is that fluids, as alcohol, occupy too much space ; 
another, that this metal is more uniform in expanding and 



What is said of the use of the thermometer without an equal diffusion of heat 1 
What does thermometer mean 1 Why is mercury used in thermometers in pref- 
erence to liquids t 
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contracting than any other substance, and lastly, it is not 
liable to vaporize in the vacuum in which it is placed, and 
thus, like liquids, to interfere with its own variation in the 
stem. 

569. Alcoholic Thermometer. Although mercury, or 
quicksilver, is the best substance known for the construction 
of thermometers, and is that universally employed in tem- 
perate climates, yet it is objectionable in extreme, or polar 
latitudes, on account of its liability to freeze. In Siberia, 
and other northern inhabited regions, where the cold is often 
down to —40° of Fahrenheit's scale, alcoholic thermometers 
are of necessity employed, since at that point mercury be- 
comes solid by freezing and therefore useless. These ther- 
mometer tubes are much longer than ordinary, since alcohol 
expands in a greater proportion than mercury by the same 
increment of heat. 

570. Different Mercurial Thermometers. There are three 
thermometers in general use, namely Fahrenheit's, which is 
used in England, and in this country ; the Centigrade, con- 
structed by Celsius, which is generally used in France, and 
Reaumur 's thermometer, adopted in Germany. 

571. Fahrenheit. (Fah.) In this the intermediate space 
between the freezing and boiling points is divided into 180 
degrees ; the freezing being marked 32° and the boiling 212°. 
This scale was invented by Fahrenheit, from an erroneous 
belief that 32 of these divisions below the freezing point of 
water, which is therefore on the scale, indicated the zero, 
or greatest degree of cold. But he afterwards discovered his 
error, and his instrument being in use, corrected it as far as 
possible, by adding a series of descending degrees below his 
zero, prefixing to them the sign — , or minus, that is, below 
zero. 

572. Centigrade. {Cent.) It is also sometimes indicated 
by Cel, for the name of the inventor. It consists of an ar- 
rangement of the scale, in which the freezing point is mark- 
ed 0, or zero, and the boiling point is marked 100°. This is 

a more convenient scale than the other, the freezing and 
boiling points being even numbers, and all below the former 
— minus. 

Reaumur, (Reau.) In this the freezing point, as in the 
last is marked 0, while the boiling point, instead of being 



Why are alcoholic thermometers used 1 What are the names of the mercurial 
thermometers 1 
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100°, is marked 80°. The degrees are continued both above 
and below these points, those below being negative or mi- 
nus, as in the others. 

573. These Thermometers Compared. In books of foreign 
travels, where the author adopts the thermometer of the 
country he describes, the reader is often perplexed to know 
what degrees of temperature are indicated according to his 
own scale, by what he reads. Figures are therefore added 
of each, Fig. 130, together with a table showing the cor- 
respondence of the three, and the rules for converting one 
scale into the others. 



Fig. 130. 




Fahrenheit. 



Centigrade. 



Reau?nur. 



Thus the Centigrade scale is reduced to that of Fahren- 
heit, by multiplying by 9 and dividing by 5, and that of 
Reaumur to that of Fahrenheit, by multiplying by 9 and divi- 
ding by 4 ; or that of Fahrenheit to either of the others by 
reversing these processes. Examples : 

Cent. 100° x 9 = 900-5=180 + 32=212° Fah. 
Reau. 80°X 9 = 720-^-4=180 + 32 = 12° Fah. 
Fah. 212°-32 = l80x5=900^- 9 = 100° Cent. 
Fah. 212°-32 = 180x5 = 720- 9= 80° Reau. 



What arc the divisions of each scale 1 How is the Centigrade reduced to that ot 
ihrenheit « How is that of Reaumur reduced to that of Fahrenheit ' 

15 
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574 The following Table from Prof. Hoblyn's Diction- 
ary of Science, shows at a single view the correspondence 
between these thermometers, from the zero to the boiling 
point of Fahrenheit. 



Fahrenheit. 


Centigrade. 


Reaumur. 


BOILING. 212 . . 




80 


200 . . . 


. . 93.33 . . . 


. . 74.66 


190 . . 


. . . 87.77 . . 


. . 70.22 


180 . . . 


. . 82.22 . . . 


. . 65.77 


170 . . 


. . . 76.66 . . 


. . 61.33 


160 . . 


. . 71.11 . . 


. . 56.88 


150 . . 


. . . 65.55 . . 


. . 52.33 


140 . . 


. . 60 . . . 


. . 48 


130 . . 


. . . 55.55 . . 


. . 33.55 


120 . . 


. . 48.88 . . 


. . 39.11 


110 . . 


. . . 43.33 . . 


. . 34.66 


100 . . 


. . 37.77 . . 


. . 30.22 


90 . . 


. . . 32.22 . . 


. . 25.77 


80 . . 


. . 26.66 . . 


. . . 21.33 


70 . . 


. . . 21.11 . . 


. . 16.88 


60 . . 


. . 15.55 . . 


. . 12.44 


50 . . 


. . . 10 . . . 


8 


40 . . 


. . . 4.44 . . 


. . . 3.35 


FREEZING. 32 . 

20 . . 


. . . 


... 


. . . 6.66 . . 


. . . 5.33 


10 . . 


. . . 12.22 . . 


. . . 9.77 


ZERO. . . 


. 17.77 .... 


. . . 14.22 



575. Rutherford's Register Thermometer. By this, the 
highest and lowest temperatures which occur within a given 
time are indicated, and made to register themselves. This 
instrument consists of two thermometers fastened to the 



Fig. 131. 
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Rutherford's Register Thermometer. 



What axe the indications made by Rutherford's thermometer 7 Describe the con- 
struction of this instrument. What are the peculiar advantages of this instrument J 
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same plate with their tubes in a horizontal position, as 
shown by Fig. 131. One of these a, contains alcohol; 
the other b, contains mercury. In the stem of b a small 
piece of iron wire acts the part of an index, being propelled 
forward as the mercury expands, and being left at the point 
of the greatest expansion when the mercury contracts, thus 
indicating the highest temperature to which it had been ex- 
posed. In the stem of the other a small piece of ivory a, is 
immersed in the alcohol, and by a slight inclination of the 
instrument, is brought to the surface of the liquid. When 
the temperature falls, the ivory by adhering to the liquid, is 
drawn back with it ; but when it rises, the spirit only ad- 
vances, leaving the ivory behind, thus indicating the lowest 
temperature which had occurred since the last observation. 
By inverting the instrument, the particle of ivory is again 
brought to its place for a new observation. This is a very 
convenient thermometer on many accounts. Thus the 
highest temperature during the day, or the week can be told 
without watching the instrument, and at a single inspection. 
If it is required to obtain the degree of heat at the bottom 
of a deep well, or in the depths of the sea, this can be done 
accurately by letting down the instrument, while the com- 
mon thermometer would change while drawing it up. 



CHAPTER IX. 

THE STEAM ENGINE. 

Note. — This Chapter is taken from Prof. Hoblyn's edi- 
tion of the author's Natural Philosophy. Published* by 
Adam Scott : London, 1846. 

576. Hero's Machine. The generation of steam from 
water by the application of heat, and the mechanical force 
produced by this means, appear to have been understood at 
a very remote period ; but their application to machinery de- 
voted to the purposes of locomotion, is a discovery of recent 
date. The ingenious contrivances of early discoverers were 
devoted to objects of minor importance, as those of raising 
water, of propelling smoke upwards, &c. 

577. About 120 years before the presen t era, an elegant 

Explain the principles of Hero's machine ! 
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Hero's Machine. 



machine was constructed by Hero, of Alexandria, in which 
a rotary motion was produced by 
means of steam. A hollow 
globe placed on pivots, was fur- 
nished with a pair of horizontal 
tubes radiating from it like the 
spokes of a wheel, and closed 
at their extremities, with the ex- 
ception of a small orifice near 
the end, and on the side of each 
tube. The globe being supplied 
with steam, this fluid rushes 
through the orifices with a force equal to the excess of its 
elasticity over that of the atmosphere. The recoil produced 
by this difference of pressure, repels the tubes in the oppo- 
site direction, and a rotary motion is produced, which may 
be communicated to machinery connected with the globe. 

578. Branca's Engine. In 1629, Giovanni Branca, an 
Italian, contrived a machine which was employed for the 
various purposes of raising water, of sawing timber, of pound- 
ing materials, &c. His machine consisted of a wheel fur- 
nished with flat vanes around its circumference, like the 
boards of a paddle-wheel. Upon these vanes, steam was 
propelled from a close vessel, called an eolipile. A rotary 
motion was produced, and commu- 
nicated to appropriate machinery. 
The results, however, of these and 
other discoveries made about this 
period, have never been rendered 
applicable to the purposes for which 
the modern steam engine is adapted. 

579. Savery's Steam Engine. 
In 1689, Captain Thomas Savery, 
constructed an engine, in which 
the force of steam is employed as a Branca's Engine. 
moving power for raising water. He appears to have dis- 
covered the principle of condensation by chance. Having 
drunk a flask of Florence wine and thrown the flask on 
the fire, he called for a basin of water to wash his hands. 
He observed that a small quantity of wine remaining in the 
flask began to boil, and that steam issued from the flask. 
He then seized the vessel, and plunging its mouth under the 



Fig. 133. 




Describe Branca's engine. Now did Savery lust obtain a vacuum / 
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surface of the water in the basin, found that the liquid 
rushed into the flask. This experiment suggested to him 
the possibility of producing a vacuum by the condensation of 
steam, and bringing the atmospheric pressure to bear upon 
the vacuum thus produced. 

580. The adjoining figure Fig. 134. 
illustrates the apparatus em- 
ployed by Savary. It con- 
sists of a furnace and a boiler 
B ; from the latter, two pipes, 
furnished with stop-cocks C, 
proceed to two steam vessels 
S,only one of which is shown 
in the figure, the other being 
immediately behind it. Into 
the bottom of each of these 
steam vessels is inserted a 
branching pipe, connected 
with a descending main pipe 
D, and an ascending main 
pipe A ; each branching pipe 
is furnished with valves a, b, 

Which Open Upwards, and Savery's Engine. 

prevent, by their action, the 

return of any water which may have been forced up through 

them. 

581. One of the steam vessels being filled with steam, 
condensation is produced by projecting cold water from 
a small cistern E, against the vessel ; and into the partial 
vacuum thus made, the water is forced up, by the pressure 
of the atmosphere, through the descending main pipe, from 
a depth of about twenty feet. The steam being then intro- 
duced again into the steam vessels, the valve b is closed, and 
the descent of the water prevented ; while the steam from 
the boiler, pressing on the water in the steam vessel, causes 
it to raise the valve a, and ascend to a height proportional to 
the excess of the elastic force of the steam above the pres- 
sure of the air. 

582. In this engine, accordingly, water is raised, partly by 
means of -a vacuum produced by the condensation of steam, 
and partly by the elastic force of steam; the same steam which 
is subservient to the forcing effect being rendered, by its sub- 
Explain Savery's engine by Fig. 134. In this engine how is ihe water raised 1 

What were the defects of this engine ? 

15* 
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sequent condensation, subservient to the reproduction of the 
required vacuum. 

583. This engine was afterwards much simplified, one 
steam vessel only being employed. The risk of bursting 
the boiler was obviated by the use of the steel-yard safety 
valve V. The stop-cocks C, by which communication is 
opened with, or shut off from the boiler, were managed by 
the hand, the one being opened when the other is closed. 
The boiler was supplied with hot water from a smaller boiler, 
in order to prevent loss of time in refilling it with cold wa- 
ter. The quantity of water in the boiler was ascertained 
by means of the guage cock g ; if steam issues from this 
cock when opened, there is too little water in the boiler. 

584. Savery's engine was successful in cases in which it 
was required to raise water to a height of only forty feet, 
but was inapplicable to the important object of draining 
mines, owing to the vast quantity of steam wasted by con- 
densation in a cold vessel, and by means of cold fluid, and 
the danger of employing steam of sufficient power to raise 
water to the height required. 

585. Newcomen's Atmospheric Engine. The drainage 
of deep mines was a matter of great importance, and the 
failure of Savery's engine in this respect paved the way to 
further experiment. In 1705, Thomas Newcomen, a smith 
of Dartmouth, obtained letters patent for the construction to 
a new kind of steam engine, in which he availed himself of 
the atmospheric pressure in a different way from that 
adopted by Savery. The novelty of this plan consists in the 
admission of steam beneath an air-tight piston, and the con- 
densation of the steam by the injection of cold water into the 
interior of the cylinder. The use of a cylinder and piston 
may be easily explained. In order that the pressure of 
steam may be rendered available in machinery, the steam 
must be confined within an air-tight cavity, so constructed 
that its dimensions, or capacity, may be altered without al- 
tering its tightness. When the steam enters such a vessel, 
it enlarges its actual cavity, by causing some movable part 
to recede before it, and from this movable part motion is com- 
municated to machinery. A hollow cylinder, having a mov- 
able piston accurately fitted to its bore, constitutes a vessel 
of this kind; the piston, thus employed, has an alternate or 
reciprocating vertical motion, which may be converted into 

What was Newcomen's engine called t What is said to have been the novelty of 
Newcomen's plan 1 
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Newcomen's Engine. 

a circular motion by appropriate machinery. The engine 
employed by Newcomen, in its most improved state, was as 
follows. Over a boiler a is fixed a cylinder c, containing a 
piston r, the rod of which is connected with one of the 
arched extremities of a lever-beam working on a pivot ; to 
the other extremity of the beam is attached a chain connected 
with the pump-rod. 

586. Such is the simple outline of the atmospheric en- 
gine. Its mode of operation is as follows. Steam is ad- 
mitted from the boiler into the cylinder, through the tube 
/, by means of a regulating cock, e, which is worked by a handle 
outside the boiler; the pressure of the atmosphere above 
the piston being thus balanced by the force of the steam be- 
neath it, the extremity of the lever beam to which the pis- 
How can the cavity of a vessel be enlarged by steam and still be tight 1 Describe 
ihis machine by the figure. 
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ton is attached is elevated by proportionate weights, w, at- 
tached to the pump-rod, and the piston is drawn to the top 
of the cylinder, the other extremity of the beam being de- 
pressed. 

587. In order to effect the descent of the piston, the steam 
in the cylinder must now be condensed. The regulating 
cock e is accordingly closed, and the further admission of 
steam prevented ; another cock, called the condensing cock.p, 
is now opened, and a jet of cold water is admitted through 
a tube from the cistern m, which is placed at a sufficient 
height to insure a forcible injection ; the steam in the cylin- 
der is instantly condensed, a vacuum is formed, and the 
pressure of the atmosphere forces the piston to the bottom 
of the cylinder, while the pump-rod on the other end of the 
beam is raised. Such is the general operation of Newco- 
men's atmospheric engine, which is merely a pump worked 
by steam. The subsidiary details of its operation are now 
to be explained. 

588. The quantity of water in the boiler is regulated by 
the two gauge cocks, x. z, one of which, x, has its aperture 
a little above the required height of water, the other, z, a 
little below it. On opening the cocks, if the water is at its 
proper height in the boiler, steam will issue from the cock x, 
and water from the cock z ; if steam issue from both, there 
is too little water in the boiler-; if water issue from both, 
there is too much. This mode of regulating the height of 
water in the boiler was the invention of Savery, and is em- 
ployed in the present day. 

589. A contrivance is added for the purpose of getting rid 
of the air contained in the cylinder before the engine is in full 
play, and thus preventing the engine from being air-logged. 
Near the bottom of the cylinder is inserted a small tube, 
opening into the atmosphere, where it is furnished with a 
valve, which opens upwards, and is inserted into a sort of 
cup s, containing water. The heated air and steam in the 
cylinder, having sufficient elastic force to overcome the at- 
mospheric pressure, open this valve and escape with a his- 
sing noise. This operation is called blowing the engine, be- 
fore it starts ; and the valve, from the peculiar noise attend- 
ing the process, is called the blowing or snifting valve. 

590. The next object is to get rid of the injection water 
and the condensed steam ; for, however small the quantity 

How is the quautity of water in the boiler regulated ? Whal is ■ .rrl of the em- 
P h:sp.an rt th • present da; ! How s > ,..l„f: 
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might be after a few condensations, it is evident it would 
quickly accumulate in the cylinder, and entirely check the 
movement of the piston. To carry this off, a pipe i, called 
the eduction pipe, is inserted into the bottom of the cylinder 
and conveyed downwards into a reservoir, called the hot wa- 
ter cistern. 

591. This pipe, as represented in the figure, must be made 
to descend thirty feet below the cylinder ; for otherwise, be- 
ing connected with a vacuum produced by the alternate mo- 
tion of the piston, the atmospheric pressure would force the 
water to ascend from the cistern into the cylinder, instead 
of the water descending from the cylinder into the cistern. 
This difficulty is, however, easily removed by placing a 
valve opening downwards, called the eduction valve, at the 
outlet of the pipe i in the bottom of the cylinder; the cistern 
in this case, may be situated close to the cylinder. 

592. The cistern m is supplied with cold water, by a pump 
which branches from the main pump, and is worked by the 
engine. The pipe n admits a stream of water upon the pis- 
ton, in order, by interposing a denser substance than the air, 
to render the piston more air-tight. The pipe h conducts the 
water, which becomes heated, from the top of the cylinder 
into the hot cistern below. 

593. The idea of condensing the steam by injecting wa- 
ter into the cylinder, appears to have been suggested by ac- 
cident. At first, Newcomen inclosed his cylinder within 
another cylinder, and condensed the steam -by filling the 
space between them with cold water by the pipe n. On the 
first trials of this engine, the managers were surprised to see 
it, without its regular supply of condensing water, "go sev- 
eral strokes and very quick together ; when, after a search, 
they found a hole in the piston, which let the cold water in 
to condense the steam in the inside of the cylinder, whereas 
before they had always done it on the outside." The ex- 
ternal cylinder was, accordingly, abandoned, and water was 
henceforth injected from below, as already described. So 
true is it, that " the wished for improvement is made, of- 
tener because the means are overlooked, than because they 
are hidden from us." 

594. Watt's Double-Acting Engine. In considering the 
applicability of the steam engine to manufactures generally, 

How is the cistern supplied with cold water 1 By what accident was Newcomen 
led to inject cold water into ihe cylinder 1 
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it occurred to Watt, that if he could contrive to admit steam 
alternately above and below the piston, and at the same time 
produce a vacuum alternately below and above the piston,*. 
double acting cylinder would be produced, an impulse thus 
be communicated by the ascent, as well as by the descent 
of the piston, and a uniform continuous action be effected. 
It was desirable, also, to convert this reciprocating action in- 
to a circular one. 

595. On this subject Watt observes: "Having made my 
single reciprocating engines very regular in their movements, 
I considered how to produce rotative motions from them in 
the best manner ; and amongst various schemes which were 
subjected to trial, or which passed through my mind, none 
appeared so likely to answer the purpose as the application 
of the crank, in the manner of the common turning lathe; 
but as the rotative motion is produced in that machine by 
impulse given to the crank in the descent of the foot only, 
it requires to be continued in its ascent by the energy of the 
wheel, which acts as Q-jiy. 

596. " Being unwilling to load my engine with a fly-wheel 
heavy enough to continue the motion during the ascent of 
the piston (or with a fly-wheel heavy enough to equalize 
the motion, even if a counter weight were employed to act 
during the ascent,) I proposed to employ two engines, acting 
upon two cranks fixed on the same axis, at an angle of 120° 
to one another, and a weight placed upon the circumference of 
the fly-wheel at the same angle to each of the cranks, by 
which means the motion might be rendered nearly equal, 
and only a very light fly-wheel would be requisite." In fol- 
lowing out this plan, some very important changes were in- 
troduced into the machinery of the steam engine : the prin- 
cipal of these are the double acting cylinder, the parallel 
motion, the crank, the fly-wheel, and the governor. Each 
of these will first be severally described ; and their operation 
in the double-acting engine be afterwards pointed out. 

597. Double-acting Cylinder. — The first alteration to be 
noticed in the double-acting engine is that of the cylinder. 
To insure its double action, it is necessary to provide, at 
each end of the cylinder, a means of admission of steam from 
the boiler, and of escape for the steam to the condenser. 
Hence the double action, which means that the piston is 
both raised and depressed by the force of steam. For this 

What was Watt's great improvement in the steam engine ? What is the double 
acting cylinder X 
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purpose, a steam box is fixed to each end of the cylinder, 

communicating, in the one case with the 

upper, in the other with the lower, surface 

of the piston. In Fig. 136, B is the upper, 

and B' the lower, steam box. Each of 

these boxes is furnished with two valves. 

598. I. In the upper steam box, the 
upper, or steam valve, S, admits steam from 
the boiler through a tube, the mouth of 
which is seen immediately above the 
valve ; the lower, or exhausting valve, C, 
permits the escape of the steam from the 
cylinder to the condenser, through a tube 
opening immediately below the valve. In 
this figure, the piston is at the top of the 
cylinder; the exhausting valve is therefore represented as 
closed, and the steam valve as open, for the admission of 
steam, which rushes through the passage D to the top of the 
cj'linder, in order to force the piston to the bottom. 

599. II. In the lower steam box, a corresponding mechanism 
is observed, and its valves must be worked at the same mo- 
ment as those of the upper box, but upon an exactly opposite 
principle. The cylinder is full of steam, and the piston at 
the top; the steam valve S' must therefore be closed, and the ex- 
hausting valve C opened, in order that the steam may rush out 
at the passage D', and a vacuum be formed beneath the piston, 
to give effect to the steam which is now entering above it. 

600. In Fig. 137, the piston is at the bottom of the cylin- 
der. 1. In the upper steam box, the steam valve S is accord- 
ingly closed, and the exhausting valve C opened, to admit of 
the escape of the steam from above the 

cylinder through the passage D into the 
condenser, and thus to produce a vacuum 
above the piston. 2 In the lower steam box, 
the exhausting valve C is closed, and the 
steam valve S opened, in order that steam 
may rush in by the passage D', and force 
the piston to the top of the cylinder. 

601. From the preceding description, it 
is evident that the alternate motions of the 
piston depend on the opening and closing 
of the valves, alternately, in pairs. When 
the piston is at the top of the cylinder, the 
upper steam valve and the lower exhausting 
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valve are to be opened, while the lower steam valve and the 
upper exhausting valve are to be closed. When the piston 
is at the bottom of the cylinder, this process is reversed. 

602. Parallel Motion. — In the double-acting engine, the 
pressure of the steam acts on both sides of the piston, which 
must therefore be pushed upward as well as pulled downward; 
the connection between the piston-rod and the beam by any 
flexible medium is, therefore, obviously inadmissible : a chain 
cannot communicate an upward impulse from the piston to 
the beam. 

603. The difficulty was, to adjust the rectilinear motion 
of the piston-rod to the circular motion of the beam ; without 
such adjustment, it is evident that either the piston-rod, being 
forced to the right and left alternately, at each motion of 
ascent and of descent, would be broken or bent ; or that the 
stuffing box would be so injured by these derangements of 
action, as to cease to be air and steam-tight. The con- 
trivance by which these difficulties were removed by Watt, 
is one of the most happy inventions ever introduced into 
machinery. It has been termed the parallel motion ; its 
mechanism may be understood by means of the subjoined 
figure, B represents the end of the beam, which is 



Fig. 138. 
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Parallel Motion. 

downward, and pushed upward, by the motion of the piston- 
rod R P ; the motion of 13 is in the direction of the dotted 
curve ; that of R P is reetilinewr 

Explain the double-acting cylinder by means of Fig. 136 and 137. Explain what 

meant by parallel motion. Explain Waft's engine by means of Fig. 138. 
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604 To adjust these counteracting motions, a series of bars 
are introduced, which are movable on pivots, and which by 
the balance of their action prevent the piston from deviating to 
any injurious extent from the straight line. Two fixed points 
of support are taken, the one at F, as near as possible to the 
line in which the piston-rod moves ; the other at C, the centre 
of the working beam. Two perpendicular bars, B R and E 
H, are attached to the beam at B and E ; and two transverse 
bars, R H and F H, are added, the former connecting the 
lower extremities of the two vertical bars, the latter con- 
necting the lower extremity of the vertical bar E H with 
the fixed point F ; all the bars move freely on pivots at all 
their points of attachment. The head of the piston-rod is 
connected with the pivot at R. The smaller diagram, Fig. 
138, relates to paragraph 607. 

605. The action of this machinery is as follows. 1. Let 
us imagine the end of the beam B to descend in the direction 
of the dotted curve. During its progres to the horizontal 
position, indicated by the dotted line k C, it is continually 
pushing the perpendicular bar B R outward ; and this effect, 
if not counteracted, would disturb the rectilinear course of 
the piston-rod. But this outward push of the bar B R is 
counteracted by an inward pull by the rod R H upon the 
point R ; the end H of the rod R H is preserved at a proper 
distance from the line of motion of the piston-rod, by means 
of the rod called the radius rod, H F, which is attached to 
the fixed point F ; and the rod H F, being thus fixed, de- 
scribes, with its extremity H, the curve d g, which is directed 
inwardly, and counteracts the outward direction of the curve 
described by B. Hence it follows, that the top of the piston- 
rod R moves in a direction almost vertical. It is correct to 
say almost, for it is not strictly so ; the deviation, however, 
from the vertical motion involves a minute calculation, and it 
is of comparatively little importance in practical operation 

606. 2. As the beam quits the horizontal position incomplet- 
ing its descent, it is continually pushing the bar B R inward ; 
but this inward push of the bar B R is now counteracted by 
the outward pull of the bar H F, which now completes the 
curve g o, and, by means of the transverse connecting bar H 
R, maintains the piston-rod in its nearly vertical direction. 
3. It is obvious, that during the ascent of the beam, the same 
movements of the bars will secure the vertical ascent of the 
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piston-rod. This beautiful contrivance represents, in fact, a 
kind of jointed parallelogram, three of the angles of which 
describe curves, while the fourth, which is connected with 
the piston-rod, moves nearly in a straight line. 

607. Motion of the Air-Pump Rod. — The same ma- 
chinery which regulates the motion of the piston-rod of the 
cylinder, also regulates those of the pump-rod. In the pre- 
ceding Fig. 138, the upper part of the air-pump rod is rep- 
resented at A K ; it is connected at the top to the middle of 
the bar E H, where it works freely on a pivot A. .This ma- 
chinery may be readily understood by means of the smaller 
figure, in which the bars composing it are separated from the 
beam, the letters being preserved precisely as in Fig. 138. 
C E and F H are two bars, working on pivots at the fixed 
points C and F, and describing curves at their free extrem- 
ities. The bar E H connects these free extremities, upon 
which it moves by pivots. From the antagonizing action of 
the two transverse bars, it follows, that the point A, the head 
of the air pump rod, will move in a nearly vertical direction. 

608. Nature of the Crank. — It has been shown that 
the alternate motions of the piston-rod, determined by the 
double-acting cylinder, are communicated to the working end 
of the beam, to the curved motion of which they are ad- 
justed by the contrivance of the parallel motion. The next 
object was to convert the rectilinear motion, thus produced, 
into a rotatory motion. 

609. So long as the force of steam was employed for the 
mere purpose of raising water, no such motion was wanted ; 
but when its application was required for the purpose of 
turning the wheels of mills — of giving effect to the ma- 
chinery of cotton manufactures and printing presses — of 
propelling steam vessels and other locomotive engines — it 
became necessary to impart a new direction to its operation. 
To obtain this object the crank was introduced. 

610. The simplest idea of a crank is that of the handle to 
a wheel ; its action is familiarly illustrated in the process of 
drawing water from a well : the bent handle attached to the 
wheel is first pushed out, then pulled in the opposite direc- 
tion, and thus a continued rotatory motion is produced upon 
an axle. The application of this principle to the steam 
engine, and the variations of pressure on the crank of a 
steam engine, may be conveniently illustrated by curves. 
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611. This will be readily perceived in the following figure, 
which represents the lower portion of the connecting-rod, 
which works at its upper extremity on a pivot connected 
with the working extremity of the beam. 

612. The lower extremity of 
the rod is connected by a mov- 
able joint at I with the lever 
I K. The centre or axis to 
which the rotatory motion is to 
be communicated, is indicated 
by the letter K. Hence it 
would appear, that as the con- 
necting-rod moves upward and j 
downward, it would carry the J' F 
lever I K round the centre K, so lit 
as to occupy successively the f 
positions denoted in the figure j 
by the dotted shadows of the \J 
lever; and thus a continued ro- £}, 
tatory motion would be commu- (i. 
nicated to the axis. 

613. Irregular action of the 
Crank. — On considering more 

closely the action of the crank, it will be found to be by no 
means continuous in its motion. There are two positions 
which the crank assumes in its circuit, in which the moving 
power has positively no effect whatever in communicating a 
rotatory motion to it. 

614. I. When the piston is at the bottom of the cylinder, 
the crank will be in the position denoted in the 'preceding 
figure: the joint I will be in a perpendicular line between 
the upper end of the connecting-rod and the centre K. It is 
obvious, that as the piston ascends in the cylinder, the con- 
necting-rod will tend to push the joint I, not to the right nor 
to the left of the dotted circle, but directly downward upon 
the axis K. 

615. II. When the piston is at the top of the cylinder, the 
crank will have performed half a revolution, and the joint I 
will be in a perpendicular line below the centre K. As the pis- 
ton descends, the connecting-rod will tend to pull the joint 1, 
not to the right nor to the left of the dotted circle, but directly 
upward upon the axis K. It is evident, that if in either of 
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these positions, the action of the crank wore for a moment 
to cease, it would be out of the power of the piston to put it 
again into motion. . 

616 III Another difficulty connected with the crank, is 
the inequality of its motion. In two positions it has been 
shown to be actually stationary. There are also two posi- 
tions, in which its action is most energetic ; and it becomes 
feebler in proportion as the crank moves from these points 
towards the two stationary positions above described 

617. Let the reader once more direct his attention to the 
process of drawing water from a well ; let him imagine his 
own arm to be the connecting-rod ; and the handle of the 
wheel the crank ; he will find that his force is most effective ; 
when the angle described by his arm upon the crank is a 
right angle ; and that his force will become less effective, as 
the angle of leverage becomes smaller or greater The 
application of this simple illustration to the crank of the 
steam engine is obvious ; and the result of it is a variable, 
instead of a uniform, unremitting action. In the following 
paragraph, a remedy for these inconveniences will be de- 
scribed. 

618. Nature of a Fly-Wheel. — In impelling machinery 
by force, it is frequently necessary that the force should be 
regulated. This necessity may arise from several causes. 
There may be a want of uniformity in the first moving power, 
as in the single-acting engine of James Watt, in which the 
descent of the piston is effected by the pressure of steam, 
while its ascent is effected by a totally different means. Or, 
there may be a want of uniformity in the resistance which 
the force has to overcome, as in the crank described in the 
preceding paragraph. 

619. To regulate these inconveniences and equalize the 
motion, a large heavy wheel, called afy-ichcel, is connected 
with the machinery, so as to receive its motion from the im- 
pelling power, to keep up the motion by its own inertia, and 
distribute it equally in all parts of its revolution. If the 
moving power slackens, the fly-wheel impels the machine 
forward ; if the power tends to impel the machine too fast, 
the fly-wheel slackens it. The object of the fly-wheel, 
therefore, is to absorb, as it were, the surplus force at one 
part of the action of the machine, and to give it out when 
the action of the machine is deficient ; by Leslie it was well 

How does the Hy-wheel continue Hie motion of die crank 7 
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compared to a '-reservoir which collects the intermittent cur- 
rents, and sends forth a regular stream." 

620. On this subject a writer in the Penny Magazine 
observes, that the " fly-wheel may be considered as occupy- 
ing the point of connection between the production and the 
consumption of steam power. All the complex arrangements 
relating to the production and management of the steam 
have performed their wonted part when the fly-wheel is set 
in motion ; and we may dismiss the steam engine from this 
point, and regard the fly-wheel as a mighty workman, 
whose labors may be directed to the roughest as well as to 
the most delicate operations, — to the production of a cotton 
gown, a shilling, a Penny Magazine ; a workman to whom 
small things cease to be small, and great things cease to be 
great." 

621. Connection of the Fly-Wheel with the Crank. — In 
order to equalize the motion of the crank, Watt attached a 
fly-wheel to its axis. This wheel is constructed of large 
diameter, in order that its circumference may revolve rapidly; 
it is of great weight, being made of lead or iron, that it may 
acquire considerable momentum so as to render the motion 
as uniform as possible ; and it is so nicely placed upon the 
axis, as to be almost free from friction, and thus enabled to 
communicate its motion to the axis, when this is required 
from the irregular action of the crank. 

The objects of the fly-wheel in the steam engine, as here 
described, are obviously twofold : first, to extricate the ma- 
chine from the mechanical difficulties which occur at the 
two stationary positions of the crank ; and, secondly, to 
equalize the effects of the varying leverage by which the 
first mover acts on the crank. But besides the irregularity 
in the action of the crank, there are other causes which, in 
the absence of a fly-wheel would disturb the uniform ve- 
locity of the engine : there are variations of resistance, and 
of power. 

622. The resistance which an engine has to overcome, 
particularly in manufactures, is continually liable to vary ; 
it may be very great one hour, and very small the next. 
When the resistance is diminished, or the moving power in- 
creased, the excess of force is expended on the fly-wheel, to 
which a proportional momentum is communicated with little 
increase of velocity. 

Why must the fly-wheel be of large diameter and great weight 1 
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62S When the resistance is increased, or the moving 
power diminished, the momentum accumulated in the fly- 
wheel continues the motion with little diminution of its own 
velocity. It is not, however, pretended that the cquilization 
of force produced by the fly-wheel, is perfect ; but it is suffi- 
cient for ordinary purposes ; and its efficiency will be propor- 
tioned to the mass of matter in the circumference of the 
wheel and to the square of the wheel's velocity. The next 
step in the progress of improvement was to regulate the 
velocity of the fly-wheel. 

624. The Governor. — Of all the contrivances for regu- 
lating the motion of machinery, this is said to be the most 
effectual. It will be readily understood by the following 
description of Fig. 140. It consists of two heavy iron balls 
b, attached to the extrem- 

ities of the two rods, b : e. * l £' 

These rods play on a joint 
at e, passing through a 
mortice in the vertical 
stem d, d. At f, these 
pieces are united, by joints 
to the two short rods,/, h, 
which, at their upper ends, 
are again connected by 
joints at h, to a ring 
which slides upon the 
vertical stem d d. Now it will be apparent that when these 
balls are thrown outward, the lower links connected at /, 
will be made to diverge, in consequence of which the upper 
links will be drawn down the ring with which they are con- 
nected at h. With this ring at i is connected a lever having 
its axis at g, and to the other extremity of which, at k, is 
fastened a vertical piece, which is connected by a joint to 
the valve v. To the lower part of the vertical spindle d, is 
attached a grooved wheel w, around which a strap passes, 
which is connected with the axis of the fly-wheel. 

625. Now when it so happens that the quantity of steam 
is too great, the motion of the fly-wheel will give a propor- 
tionate velocity to the spindle d : d, by means of the strap 
around w, and by which the balls, by their centrifugal force, 
will be widely separated ; in consequence of which the ring 
h will be drawn down. This will elevate the arm of the 
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lever k, and by which the end i, of the short lever, connected 
with the valve v, in the steam pipe, will be raised, and thus 
the valve turned so as to diminish the quantity of steam 
admitted to the piston. When the motion of the engine is 
slow, a contrary effect will be produced, and the valve turned 
so that more steam will be admitted to the engine. 

626. Connected view of the double-acting engine. — We are 
now in a condition to understand the relation which the 
several parts of the engine, already separately described, 
bear to each other. In its general construction it resembles 
the single-acting engine of Watt, not described in the 
present work, but it differs in several important features. 
Among these are, its capability of performing twice the 
amount of work in the same time, from the simultaneous 
action of the pressure, and of the condensation of steam, at 
each ascent and descent of the piston ; its near approximation 
to uniformity of power ; its economy of heat, and conse- 
quently of fuel, by the diminution of cooling surface ; and 
its reduced bulk. In the following engraving, taken from 
the valuable work of Tredgold, a section of this engine is 
illustrated ; a few additional remarks to those which have 
already been made on its separate details, will serve to ex- 
plain its general operation. 

627. At the right is seen (Fig, 141) the great horizontal 
steam tube S, which admits steam into the cylinder through 
the throttle valve, which appears near S in the form of a 
disc. The boiler is omitted in the plate, but its connection 
with the tube, and the means by which it is supplied with 
warm water, maybe inferred from descriptions already given. 

628. The double-acting cylinder C, its two steam boxes and 
four valves, and the apparatus for working the valves, are 
the next objects which claim attention. These are explained 
by Figs. 136 and 137. The piston is at the top of the cyl- 
inder. The upper steam valve a is, therefore, represented as 
open for the admission of steam, the upper exhausting valve 
c as closed ; the condition of the two lower valves is reversed. 
The operation of opening and closing these four valves is 
effected by a series of levers, terminating in one handle or 
spanner, which is worked by two pegs attached to the pump- 
rod R. 

629. Before the piston arrives at. the bottom of the cylin- 
der, the upper peg strikes the handle of the levers downward, 
and in a moment reverses the condition of the four valves. 
The steam from above the piston then rushes down through 
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the perpendicular tube S, issues at the lower steam valve d, 
which will now be open, and forces up the piston ; but, be- 
fore the piston arrives at the top of the cylinder, the lower 
peg strikes the handle of the levers upwards, the condition 
of the valves is again reversed, the steam below the cylin- 
der rushes through the lower exhausting b valve into the 
condenser B, and the stroke of the engine is repeated. 

630. In the condenser B, the steam meets with a continual 
jet of cold water. In the double-acting engine, condensa- 
tion goes on equally during the descent and ascent of the 
piston, and the condensing jet is therefore incessantly at 
play. Engines with a condenser are called low pressure en- 
gines. The variations which occur in the velocity of the 
piston, and the consequent variations in the quantity of 
steam discharged into the condenser, require corresponding 
variations in the quantity of condensing water; its amount 
is, therefore, regulated by the injection cock, which is worked 
by a lever and handle, I. The water produced by con- 
densation of the steam is removed by the air-pump A, and 
carried into the warm cistern, from which a portion of it is 
drawn by the pump L, and conveyed to the boiler. The cis- 
tern containing the condenser, the air-pump, and the injec- 
tion cock, is supplied with water by the pump N, on the left 
side of the beam. 

631. On the extreme left is the fly-wheel, a part of which 
is seen at P, and to the axle of which is fixed the crank, this 
being moved by the connecting rod attached to the end of 
the working-beam. To the fly-wheel is also attached the 
governor, but these parts having already been explained, and 
being unnecessary to the understanding of the whole, are 
omitted in the drawing. 

632. On the right extremity of the beam is seen the ap- 
paratus which produces the parallel motion. The moving 
parallelogram is represented at fb d g; the rod d c is the 
radius rod : it terminates the arc of the circle through which 
the point d travels. At e is seen the extremity of the purnp- 
rod R, which is worked by the same machinery as that of the 
parallel motion. 

633. Returning to the left side of the beam, we find the 
pumping apparatus. D represents the barrel of the pump, 
and M is the pump-rod, which is connected with the beam 

In Fig. 141, where is the steam-pipe 1 Which is the cylinder ? Which is the con- 
denser f Which is the air-pump 1 Explain the water pump. What is the differ- 
ence between the high and low pressure engines'? 
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by mechanism similar to that of the parallel motion, already 
described. When the piston of the pump descends, the water 
is forced upward through the pipe G, and conveyed by appro- 
priate channels to a distance and height proportional to the 
power of the engine. The barrel of the pump is filled 
through the pipe F by means of machinery adapted to this 
purpose below ; and, when the piston of the pump ascends, 
the valve at the left of the barrel opens, and the water rushes 
through in the same direction as that from the pipe G. The 
supply for the descent of the piston will rush in at the bottom 
valve from F, and be raised through the pipe G, as before. 
The valves with which the piston of the air-pump is furnished 
are termed clacks. 
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634. In the high pressure engines, the piston is pressed up 
and down by the force of the steam alone, and without the 
assistance of a vacuum. The additional power of steam 
required for this purpose is very considerable, being equal to 
the entire pressure of the atmosphere on the surface of the 
piston. We have already had occasion to show that on a 
piston of 13 inches in diameter, the pressure of the atmos- 
phere amounts to nearly two tons. 

635. Now in the low pressure engine, in which a vacuum 
is formed on one side of the piston, the force of steam re- 
quired to move it is diminished by the amount of atmos- 
pheric pressure equal to the size of the piston. 

636. But in the high pressure engine, the piston works 
in both directions against the weight of the atmosphere, and 
hence requires an additional power of steam equal to the 
weight of the atmosphere on the piston. 

637. These engines are, however, much more simple and 
cheap than the low pressure, since the condenser, cold wa- 
ter pump, air pump, and cold water cistern, are dispensed 
with ; nothing more being necessary than the boiler, cylin- 
inder, piston, and valves. Hence for railroads, and all loco- 
motive purposes, the high pressure engines are, and must be 
used. 

638. With respect to engines used on board of steamboats, 
the low pressure are universally employed by the English, 
and it is well known, that few accidents from the bursting 

What constitutes a low pressure engine 1 How much more force of steam is re- 
quired in high than in low pressure engines'! What parts are dispensed within 
high pressure engines ? 
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of machinery have ever happened in that country. In most 
of their boats two engines are used, each of which turns a 
crank, and thus the necessity of a fly-wheel is avoided. 

639. In this country high pressure engines are in com- 
mon use for boats, though they are not universally employed. 
In some, two engines are worked, and the fly wheel dis- 
pensed with, as in England. 

640. Accidents. The great number of accidents which 
have happened in this country, whether on board of low or 
high pressure boats, must be attributed in a great measure, 
to the eagerness of our countrymen to be transported from 
place to place with the greatest possible speed, all thoughts 
of safety being absorbed in this passion. It is, however, 
true, from the very nature of the case, that there is far greater 
danger from the bursting of the machinery in the high, than 
in the low pressure engines, since not only the cylinder, but 
the boiler and steam pipes must sustain a much higher pres- 
sure in order to gain the same speed, other circumstances 
being equal. 

HORSE POWER. 

641. When steam engines were first introduced, they 
were employed to work pumps for draining the English coal 
mines, thus taking the places of horses, which from the 
earliest times of using coal had performed this service. 

642. It being therefore already known how many horses 
were required to raise a certain amount of coal from a given 
depth, the powers of these engines were very naturally com- 
pared to those of horses, and thus an engine which would 
perform the work of ten horses, was called an engine of ten 
horse power. To this day the same term is used, with the 
same meaning, though very few appear to know either the 
origin of the term, or the amount of power it implies. 

643. Several engineers, after the term was thus used, made 
experiments, for the purpose of ascertaining the average 
strength of horses, with a view of fixing a standard of me- 
chanical force which should be indicated by the term horse 
power. 

This was done by means which it is not necessary here 
to describe. 
Smeaton, a celebrated mechanical philosopher, estimated 



Where did steam engines first take the place of horses 7 What is the origin ol 
the term horse power ? 
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that the average power of the horse, working eight hours a 
day, was equal to the raising of 23,000 pounds at the rate 
of one foot per minute. 

644. Messrs. Bolton and Watt caused experiments to be 
made with the horses used in the breweries of London, said 
to be the strongest in the world, and from the result they es- 
timated that 33,000 pounds raised at the rate of one foot 
per minute, was the value of a horse's power, and this is the 
estimate now generally ador ted. When, therefore, an en- 
gine is said to be so many horses' power, it is meant that it 
is capable of overcoming a resistance equal to so many times 
33,090 pounds raised at the rate of one foot per minute. 
Thus an engine of ten horse power is one capable of raising 
a load of 330,000 pounds one foot per minute, and so at this 
rate, whether the power be more or less. 

645. Power of Steam. Experiment has proved that an 
ounce of water converted into steam will raise a weight of 
2,160 pounds one foot. A cubic foot of water contains 1,728 
cubic inches, and the power, therefore, of a cubic foot of 
water, when converted into steam will be equal to 2,160 mul- 
tiplied by 1,728, equal to 3,732,480 pounds. This, then, ex- 
presses the number of pounds weight which a cubic foot of 
water would raise one foot when converted into steam, sup- 
posing that its entire mechanical force could be rendered 
available, But in practice it is estimated that the friction. 
and weight of the machinery in action, requires about four- 
tenths of the whole force, while six tenths only remain as 
an actual mechanical power. 

646. Quantity of water required for each horse power. 
One horse power, as already explained, is equal to a force 
which will raise 33,000 pounds one foot high per minute. 
This being multiplied by 60 will show the force required to 
raise the same weight at the rate of one foot per hour, namely, 
33,000x00 = 1,980,000 pounds. 

647. Now the quantity of water required for this effect, 
will be found by considering, as already shown, that a cubic 
inch of water in the form of steam, is equal to a force rais- 
ing 2,160 pounds a foot. If we divide 1,980,000, therefore, 
by 2,160, we shall have the number of cubic inches of wa- 

What was Smeaton's estimate of a horse'spower ? What was Watt and Bolton's 
estimate of a horse's power 1 What is meant by a horse's power at the present 
time 1 How many horses would raise 33,000 pounds one foot per minute ? What 
is the power of a square inch of water converted into steam 1 What is the power 
of a cubic foot of water converted into steam 1 How much power is lost in acting 
upon the engine 1 
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ter required to produce a one horse power, namely, 9,160 
But we have already shown that only 6 parts out of 10 of 
the force of steam can be calculated on as a moving power, 
4 parts being expended on the action of the engine. To 
find, then, the amount of waste in 916 cubic inches of wa- 
ter, we must divide that number by 6, and multiply the re- 
sult by 4, when we shall have 610 as the number of cubic 
inches of water wasted. The total quantity of water, 
therefore, which is turned into steam per hour, to produce a 
one horse power, is equal to 610 added to 916, namely, 1,526 
cubic inches. Hence we see the necessity of the immense 
capacities of the boilers of large steamboats. 

648. Amount of mechanical virtue in coal. For more than 
thirty years the engineers of many of the English coal 
mines have published annual accounts of their experiments 
with the steam engines under their care, for the purpose of 
ascertaining the exact amount of coal required to perform 
certain duties. The result of these experiments are among 
the most curious and instructive facts which the lights of 
science at the present day have thrown upon the manufac- 
turing arts. They were entirely unexpected to the owners 
of the mines, and equally so to men of science. 

649. In the report of the engineers thus employed, for 
1835, it was announced that a steam engine employed at a 
copper mine in Cornwall, had raised, as its average work, 
95 millions of pounds a foot high, with a single bushel of 
bituminous coal. 

This mechanical effect was so enormous and so unex- 
pected, that the best judges of the subject considered it be- 
yond the bounds of credulity ; the proprietors, therefore, 
agreed that another trial should be made in the presence of 
competent witnesses : when, to the astonishment of all, the 
result exceeded the former report by 30 millions of pounds. 
In this experiment, for every bushel of coal consumed under 
the boiler, the engine raised 125i millions of pounds one foot 
high. 

650. On this subject, Dr. Lardner, in his treatise on the 
steam engine, has made the following calculations : 

A bushel of coal weighs 84 pounds, and can lift 56,027 
t ons a foot high, therefore, a pound of coal would raise 667 



How many cubic inches of water is required to produce a one horse power 1 

H>.v. do you find how many cubic inches of water there ism a one horse power 7 

aount of weight is it said a bushel of coal wdl raise by means of steam 1 

h the weight raised by the second trial ? What we,ght wdl a pound of coal 
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tons to the same height ; and an ounce would raise 42 tons 
one foot high, or it would lift 18 pounds a mile high. 

Since a force of 18 pounds is capable of drawing two tons 
upon a rail way, it follows that an ounce of coal would draw 
2 tons a mile, or 1 ton two miles. (In the common engines, 
however, the actual consumption of coal is equal to about 8 
ounces per ton for every mile.) 

651. The great Egyptian pyramid has a base of 700 feet 
each way, and is 500 feet high ; its weight amounting to 
12 760,000,000 pounds. To construct it, is said to have 
cost the labor of 100,000 men for 20 years. Yet according 
to the above calculations, its materials could have been raised 
from the ground to their present positions by the combustion 
of 479 tons of coal. 

ATMOSPHERIC l'HOPULSlON. 

652. Atmospheric railway. The application of the atmos- 
phere, as a locomotive power on railroads, has become a sub- 
ject of considerable interest. The discovery purports to 
combine the great essentials of economy, expedition, and 
above all, of safety. On this plan of railroad conveyance, 
the moving power is communicated to the train by means of 
a continuous pipe or mam, laid between the rails, and divided 
by separating valves into convenient lengths for exhaustion. 
A partial vacuum is formed in the pipe either by steam en- 
gines and air-pumps fixed at intervals along the road, or by 
water power, if the nature of the country be such as to af- 
ford it. A travelling piston, made to fit air-tight by means 
of a leather packing, is introduced into the main-pipe, and is 
connected to the leading carriage of each train by an iron 
plate, or coulter, which travels through a lateral opening 
carried through the whole length of the pipe. The lateral 
opening is covered by a valve, extending the whole length, 
and formed of a strip of leather riveted between iron plates. 
On exposing the front of the piston to the exhausted portion 
of the pipe, the atmospheric air, pressing on its back, propels 
it forward into the pipe, and with it, the train to which it is 
attached. 

653. On this subject, Mr. Samuda offers the following re- 
marks : "A main pipe, 18 inches diameter, will contain a 
piston of 254 inches area : the usual pressure on this piston, 

How great a force may an ounce of coal be made to produce 7 What is the size 
and weight of the great pyramid of Egypt? What weigh! of coal would be required 
to raise its materials to fneir present elevation 1 
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produced by exhausting the pipe, should be 8 lbs. per square 
inch (as this is the most economical degree of vacuum to 
work at, and a large margin is left for obtaining higher va- 
cuums to draw trains heavier than usual on emergencies) — 
attractive force of 2,032 pounds is thus obtained, which will 
draw a train weighing 45 tons, at 30 miles per hour, up an 
incline, rising 1 in 100. Two and a half miles of this pipe 
will contain 23,324 cubic feet of air, |^ths of which, or 
12,439 cubic feet must be pumped out to effect a vacuum 
equal to 8 lbs. per square inch ; the air-pump for this pur- 
pose should be 5 feet 7 inches diameter, or 247 feet area, 
and its piston should move through 220 feet per minute, 
thus discharging at the rate of 247x220 = 5,434 cubic feet 
per minute at first, and at the rate of 2,536 cubic feet per 
minute when the vacuum has advanced to 16 inches mer- 
cury, or 8 lbs. per square inch, the mean quantity discharged 
being thus 3,985 feet per minute: therefore -^ 9 V^=3-1 
minutes, the time required to exhaust the pipe ; and as the 
area of the pump-piston is 14 times as great as that in the 
pipe, so the velocity of the latter will be 14 times as great 
as that of the former, or 220 feet per minute x 14 = 3,080 feet 
per minute, or 35 miles per hour ; but in consequence of the 
imperfect action of an air-pump, slight leakages, &c, this 
velocity will be reduced to 30 miles per hour, and the time 
requisite to make the vacuum increased to 4 minutes : the 
train will thus move over the 2-£ miles section in 5 minutes, 
and it can be prepared for the next train in 4 minutes more, 
together 9 minutes ; 15 minutes is therefore ample time to 
allow between each train, and supposing the working day 
to consist of 14 hours, 56 trains can be started in each di- 
rection, or 2,520 tons, making a total of 5,000 tons per day. 
The fixed engine to perform this duty will be 110 horses' 
power, equivalent to 22 horses' power per mile in each di- 
rection." 

654. The rate of travelling by the atmospheric railway 
will depend on the rate at which the air in front of the pis- 
ton may continue to be pumped out by the engine, a suffi- 
cient degree of exhaustion having been previously obtained 
to move the load at the required velocity. There appears to 
be no reason to doubt that a speed of sixty miles per hour 
may be easily, economically, and safely obtained by this 
mode of locomotion. — Hoblyri's Ed. Corns-lock's Natural Phi 
losophy, 1847. 
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CHAPTER X. 

ACOUSTICS. 

655. Acoustics is that branch of natural philosophy which 
treats of the origin, propagation, and effects of sound. 

656. When a sonorous, or sounding body is struck, it is 
thrown into a tremulous or vibrating motion. This motion 
is communicated to the air which surrounds us, and by the 
air is conveyed to our ear drums, which also undergo a vi- 
bratory motion, and this last motion throwing the auditory 
nerves into action, we thereby gain the sensation of sound. 

657. If any sounding body, of considerable size, is sus- 
pended in the air and struck, this tremulous motion is dis- 
tinctly visible to the eye, and while the eye perceives its mo- 
tion, the ear perceives the sound. 

658. Proof by the air-pump. That sound is conveyed to 
the ear by the motion which the sounding body communi- 
cates to the air, is proved by an interesting experiment with 
the air-pump. Among philosophical instruments, there is a 
small bell, the hammer of which is moved by a spring con- 
nected with clock-work, and which is made expressly for 
this experiment. 

If this instrument be wound up, and placed under the re- 
ceiver of an air pump, the sound of the bell may at first be 
heard to a considerable distance, but as the air is exhausted, 
it becomes less and less audible, until no longer to be heard, 
the strokes of the hammer, though seen by the eye, produ- 
cing no effect upon the ear. Upon allowing the air to re- 
turn gradually, a faint sound is at first heard, which becomes 
louder and louder, until as much air is admitted as was 
withdrawn. 

DIVING BELL. 

659. On the contrary, when the air is more dense than or- 
dinary, or when a greater quantity is contained in a vessel, 
than in the same space in the open air, the effect of sound 
on the ear is increased. This is illustrated by the use of the 
diving bell. 

What is acoustics'? When a sonorous body is struck within hearing, in what 
manner do we gain from it the sensation of sound f How is it proved that sound 
is conveyed to the ear by the medium of the air 7 
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The diving bell is a large vessel, open at the bottom, un- 
der which men descend to the beds of rivers, for the purpose 
of obtaining articles form the wrecks of vessels. When 
this machine is sunk to any considerable depth, the water 
above, by its pressure, condenses the air under it with great 
force. In this situation, a whisper is as loud as a common 
voice in the open air, and an ordinary voice becomes painful 
to the ear. 

6G0. Again, on the tops of high mountains where the 
pressure or density of the air is much less than on the sur- 
face of the earth, the report of a pistol is heard only a few 
rods, and the human voice is so weak as to be inaudible at 
ordinary distances. 

Thus, the atmosphere which surrounds us, is the medium 
by which sounds are conveyed to our ears, and to its vibra- 
tions we are indebted for the sense of hearing, as well as to 
all we enjoy from the charms of music. 

6G1. Solids conduct sound. The atmosphere, though the 
most common, is not, however, the only, or the best conduc- 
tor of sound. Solid bodies conduct sound better than elastic 
fluids. Hence, if a person lay his ear on a long stick of 
timber, the scratch of a pin may be heard from the other 
end, which could not be perceived through the air. 

662. The earth conducts loud rumbling sounds made be- 
low its surface to great distances. Thus, it is said, that in 
countries where volcanoes exist, the rumbling noise which 
generally precedes an eruption, is heard first by the beasts 
of the field, because their ears are commonly near the ground, 
and that by their agitation and alarm, they give warning of 
its approach to the inhabitants. 

The Indians of our country, by laying their ears on the 
ground, will discover the approach of horses or men when they 
are at sucXdistances as not to be heard in any other manner. 

663jrf/elocity of Sound. — Sound is propagated through 
the afr at the rate of 1,142 feet in a second of time. When 
compared with the velocity of light, it therefore moves but 
slowly. Any one may be convinced of this by watching the 
discharge of cannon at a distance. The flash is seen appa- 



When the air is more dense than ordinary how does it affect sound t What is 
said of the effects of sound on the tops of high mountains 7 Which are the best con- 
ductors of sound, solid or elastic substances 1 What is sari of the earth as a con- 
ductor of sounds ? How is it said that the Indians discover the approach of horses 1 
How fast does sound pass through the air 1 Which convey sounds with the greatest 
velocity, solid substances or air 1 Describe the experiment, proving that sound is 
conducted by a metal with greater velocity than by the air. In what lines does sound 
move ■> 
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rently at the instant the gunner touches fire to the powder ; 
the whizzing of the ball, if the ear is in its direction, is next 
heard, and lastly, the report. 

Blot's Experiment. — Solid substances convey sounds with 
greater velocity than air, as is proved by the following 
experiment, lately made at Paris, by M. Biot. 

664. At the extremity of a cylindrical tube, upwards of 
3,000 feet long, a ring of metal was placed, of the same 
diameter as the aperture of the tube ; and in the centre of 
this ring, in the mouth of the tube, was suspended a clock- 
bell and hammer. The hammer was made to strike the 
ring and the bell at the same instant, so that the sound of 
the ring would be transmitted to the remote end of the tube, 
through the conducting power of the tube itself, while the 
sound of the bell would be transmitted through the medium 
of the air inclosed in the tube. The ear being then placed 
at the remote end of the tube, the sound of the ring, trans- 
mitted by the metal of the tube, was first heard distinctly, 
and after a short interval had elapsed, the sound of the bell, 
transmitted by the air in the tube, was heard. The result 
of several experiments was, that the metal conducted the 
sound at the rate of about 11,865 feet per second, which is 
about ten and a half times the velocity with which it is 
conducted by the air. 

665. Sound moves forward in straight lines, and in this 
respect follows the same laws as moving bodies, and light. 
It also follows the same laws in being reflected, or thrown 
back, when it strikes a solid, or reflecting surface. 

666. Echo. — If the surface be smooth, and of considerable 
dimensions, the sound will be reflected, and an echo will be 
heard ; but if the surface is very irregular, soft, or small, no 
such effect will be produced. 

In order to hear the echo, the ear must be placed in a 
certain direction, in respect to the point where the sound is 
produced, and the reflecting surface. 

If a sound be produced at a, Fig. 142, and strike the 
plain surface b, it will be reflected back in the same line, 
and the echo will be heard at c or a. That is, the angle 
under which it approaches the reflecting surface, and that 
under which it leaves it, will be equal. 

667. Whether the sound strikes the reflecting surface at 



From what kind of surface is sound reflected, so as to produce an echo 1 Ex- 
plain Fig. 142. 
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ri"-ht angles, or obliquely, the angle of approach, and the 
anti'lo of reflection, will always be the same, and equal. 

This is illustrated by Fig. 1 43, where suppose a pistol to 
be fired at a, while the reflecting surface is at c ; then the 
echo will be heard at b, the angles 2 and 1 being equal to 
each other. 
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Echo. 




Reverberation. 



Fig. 143. 




Reflection of Sound. 



668 Reverberation of Sound.— If a sound be emitted be- 
tween two reflecting surfaces, parallel to each other, it will 
reverberate, or be answered backwards and forwards several 

times. „ . . . . ... , 

Thus, if the sound be made at a, Fig. 144, it will not only 
rebound back again to a, but will also be reflected from the 
points c and d, and were such reflecting surfaces placed at 
every point around a circle from a, the sound would be thrown 
back from them all, at the same instant, and would meet 
again at the point a. . 

We shall see, under the article Optics, that light observes 
exactly the same law in respect to its reflection from plane 
surfaces, and that the angle at which it strikes, is called the 
angle of incidence, and that under which it leaves the re - 

„ .. „. ,40 a11 ri <=how in what direction sound approaches and leaves a re- 
JSfSSSi^nS is t7e an Jeunder which sound strikes a reneOng surface 
called) 
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fleeting surface, is called the angle of reflection. The same 
terms are employed in respect to sound. 

669. Reflection in a Circle.— In a circle, sound is reflected 
from every plane surface placed around it, and hence, if the 
sound is emitted from the centre of a circle, this centre w.ll 
be the point at which the echo will be most distinct. 

Suppose the ear to be placed 
at the point a, Fig. 145, in the 
centre of a circle ; and let a 
sound be produced at the same 
point, then it will move along 
the line a e, and be reflected 
from the plane surface, back 
on the same line to a; and 
this will take place from 
all the plane surfaces placed 
around the circumference of a 
circle; and as all these sur- 
faces are at the same distance 
from the centre, so the reflect- 
ed sound will arrive at the 

point a, at the same instant ; and the echo will be loud, in 
proportion to the number, and perfection of these reflecting 
surfacesy^ 

670/whispering Gallery. — It 
is apparent that the auditor, in this 
case, must be placed in the centre 
from which the sound proceeds, to 
receive the greatest effect. But if 
the shape of the room be oval, or 
elliptical, the sound may be made in 
one part, and the echo will be heard 
in another part, because, the ellipse 
has two points, called foci, at one of 
which, the sound being produced, it 
will be concentrated in the other. 

Suppose a sound to be produced 
at a, Fig. 146, it will be reflected 
from the sides of the room, the 
angles of incidence being equal 



Reflection in a Circle. 




Whispering Gallery. 



What is the angle under whieh it leaves a reflecting surface called 1 Is there any 
difference in the quantity of these two angles 1 Suppose a pistol to he firul in the 
centre of a circular room, where would be the echo) Explain Fig. 146, and give 
the reason. Suppose a sound to be produced in cme of the loci of an ellipse, where 
then might it he most dist nctly heard t 
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to those of reflection, and will be concentrated at b. Hence, 
a hearer standing at b, will be affected by the united rajs 
of sound from different parts of the room, so that a whisper 
at a, will become audible at b } when it would not be heard in 
any other part of the room. Were the sides of the room 
lined with a polished metal, the rajs of light or heat would 
be concentrated in the same manner. 

-The reason of this will be understood, when we consider 
that an ear, placed at c, will receive only one raj of the sound 
proceeding from a, while if placed at b, it will receive the 
rajs from all parts of the room. Such a room, whether con- 
structed bj design or accident, would be a whispering gallery. 

671. "Several reflecting surfaces maj be so situated in re- 
spect to distance, and direction, that a sound proceeding 
from a certain point, will be reflected, first from one surface, 
and then from another, at a little distance, afterwards from 
a third, and so on ; or it maj be reflected from the first sur- 
face to the second, and from the second to the third, and from 
this to a fourth, and so on, even it is said, to the number of 
eight or ten." 

672. According to the distance at which the speaker 
stands, a reflecting surface will return the echo of several, or 
of fewer sjllables ; for in order to avoid confusion, all the 
sjllables must be uttered before the echo of the first sjllable 
reaches the ear. In a moderate waj of speaking, about 3-£ 
syllables are pronounced in one second, or seven syllables in 
two seconds. Therefore when an echo repeats seven syl- 
lables, the reflecting surface is 1,142 feet distant; for sound 
travels at the rate of 1,142 feet per second, and the distance 
from the speaker to the reflecting object, and again from the 
latter to the former, is twice 1,142 feet. When the echo re- 
turns 14 syllables, the reflecting object must be 2,284 feet 
distant, and so on. 

673. It is stated that a famous echo in Woodstock, (Eng- 
land) repeats seventeen syllables in the day, and twenty in 
the night, and on the north side of Shepley church in Sussex, 
it is said that an echo repeats distinctly, under favorable cir- 
cumstances, twentv-one syllables. y 

674. On a smooth surface, the rays, or pulses of sound, 
will pass with less impediment than on a rough one. For 



What number of echoes are said to happen from one sound? How many syl- 
lables are pronounced in a second \ When an echo repeats seven syllables, how 
far off is the reflecting surface 1 Explain this. How many syllables is it said some 
echoes repeat 1 Explain Fig. 146, and give the reason. 
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this reason, persons can talk to each other on the opposite 
sides of a river, when they could not be understood at the 
same distance over the land. The report of a cannon at sea, 
when the water is smooth, may be heard at a great distance, 
but if the sea is rough, even without wind, the sound will be 
broken, and will reach only half as far. 

675. Musical Instruments. — The strings of musical instru- 
ments are elastic cords, which being fixed at each end. produce 
sounds by vibrating in the middle. 

The string of a violin or piano, when pulled to one side by 
its middle, and let go, vibrates backwards and forwards, like 
a pendulum, and striking rapidly against the air, produces 
tones, which are grave, or acute, according to its tension, 
size, or length. 

676. The man- Fig. 147. 
ner in which such c 

a string vibrates, 
is shown by Fig. 
U7. 

If pulled from 
e to a, it will not 

Stop again at e, Musical String. 

but in passing 

from a to e, it will gain a momentum, which will carry it to 
c, and in returning, its momentum will again carry it to d 
and so on, backwards and forwards, like a pendulum, until 
its tension, and the resistance of the air, will finally bring it 
to rest. 

The grave or sharp tones of the same string, depend on 
its different degrees of tension ; hence, if a string be struck, 
and while vibrating, its tension be increased, its tone will be 
changed from a lower to a higher pitch. 

677. Strings of the same length are made to vibrate slow, 
or quick, and consequently to produce a variety of sounds, 
by making some larger than others, and giving them differ- 
ent degrees of tension. The violin and bass viol are familiar 
examples of this. The low, or bass strings, are covered with 
metallic wire, in order to make their magnitude and weight 
prevent their vibration from being too rapid, and thus they 
are made to give deep or grave tones. The other strings are 

Why is it that persons can converse on the opposite sides of a river when they 
could not hear eacli other at the same distance ovi r the land ? How do the strings 
of musical instruments produce sounds'! Explain Fig. 117 On what do the crave 
or acute tones of the same string depend 1 Why are the bar s strings of instruments 
covered with metallic wire? 
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diminished in thickness, and increased in tension, so as to 
make them produce a greater number of vibrations in a given 
time, and thus their tones become sharp or acute in propor- 

ll0I Z jf 

(JTS^TTnder certain circumstances, a long string will di- 
vide itself into halves, thirds, or quarters, without depressing 
any part of it, and thus give several harmonious tones at the 
same time. 

iEoLiAN Harp. — The fairy tones of the iEolian harp are 
produced in this manner. This instrument consists of a sim- 
ple box of wood, with four or five strings, two or three feet 
long fastened at each end. These are tuned in unison, so 
that when made to vibrate with force, they produce the same 
tones. But when suspended in a gentle breeze, each string, 
according to the manner or force in which it receives the 
blast, either sounds, as a whole, or is divided into several 
parts, as above described. " The result of which," says Dr. 
Arnot, " is the production of the most pleasing combination 
and succession of sounds, that the ear ever listened to, or fan- 
cy perhaps conceived. After a pause, this fairy harp is often 
heard beginning with a low and solemn note, like the bass 
of distant music in the sky ; the sound then swells as if ap- 
proaching, and other tones break forth, mingling with the 
first, and with each other." 

679. The manner in which a string vibrates in parts, will 
be understood by Fig. 148. 

Fie. 148. 




ASolian Harp. 



Suppose the whole length of the string to be from a to b, 
and that it is fixed at these two points. The portion from 
b to c vibrates as though it was fixed at c, and its tone dif- 
fers from those of the other parts of the string. The same 
happens from c to d, and from d to a. While a string is 
thus vibrating, if a small piece of paper be laid on the part c, 
or d, it will remain, but if placed on any other part of the 
string, it will be shaken off. 

Whv it. there a variety of tones in the iEolian harp, since all the strings are tuned 
in^nlLn \ Expllin ?F?g. 148, showing the manner in wluch stnngs v.brate in parts. 
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ATMOSPHERIC PHENOMENA. 

680. The term Atmosphere is from two Greek words, which 
signify vapor and sphere. It is the air which surrounds the 
earth to the height of forty-five miles, and is essential to the 
lives of all animals, and the production of all vegetables. 

681. All meteorological phenomena, with which we are 
acquainted, depend chiefly, if not entirely on the influence of 
the atmosphere. Fogs, winds, rain, dew, hail, snow, thun- 
der, lightning, electricity, sound, and a variety of other phe- 
nomena of daily occurrence belong to the atmosphere. We 
have, however, only room for the most common result of at- 
mospheric changes. Wind and Rain. 



682. Wind is nothing more than air in motion. The use 
of a fan, in warm weather, only serves to move the air, and 
thus to make a little breeze about the person using it. 

683. As a natural phenomenon, that motion of the air 
which we call wind, is produced in consequence of there be- 
ing a greater degree of heat in one place than in another. 
The air thus heated, rises upward, while that which sur- 
rounds this, moves forward to restore equilibrium. 

The truth of this is illustrated by the fact, that during the 
burning of a house in a calm night, the motion of the air to- 
wards the place where it is thus rarefied, makes the wind 
blow from every point towards the flame./ 

684. Sea and Land Breeze. — On islands, situated in hot 
climates, this principle is charmingly illustrated. The land, 
during the day time, being under the rays of a tropical sun, 
becomes heated in a greater degree than the surrounding 
ocean, and, consequently, there rises from the land a stream 
of warm air, during the day, while the cooler air from the 
surface of the water, moving forward to supply this partial 
vacancy, produces a cool breeze setting inland on all sides of 
the island. This constitutes the sea breeze, which is so de- 
lightful to the inhabitants of those hot countries, and without 
which men could hardly exist in some of the most luxuriant 
islands between the tropics. 

During the night, the motion of the air is reversed, because 

What is the atmosphere ? How high does the atmosphere ex-lend ' What phe- 
nomena mentioned, depend on the atmosphere ■? What is wind 1 As a natural 

phenomenon, how is wind produced, or, what, is the cause ..I wind ) How is this 
us rated? In the islands of hot climates, why does the wind blow inland during 
the day, and off the land taring she night ? What are these breeztg called I 
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the earth being heated superficially, soon cools when the sun 
is absent, while the water, being warmed several feet below 
its surface, retains its heat longer. 

Consequently, towards morning, the earth becomes colder 
than the water, and the air sinking down upon it, seeks an 
equilibrium, by flowing outwards, like rays from a centre, and 
thus the land breeze is produced. 

The wind then continues to blow from the land until the 
equilibrium is restored, or until the morning sun makes the 
land of the same temperature as the water, when for a time 
there will be a dead calm. Then again the land becoming 
warmer than the water, the sea breeze returns as before, and 
thus the inhabitants of those sultry climates are constantly 
refreshed during the summer season, with alternate land 
and sea breezes. 

685. Trade Winds. — At the equator, which is a part of 
the earth continually under the heat of a burning sun, the 
air is expanded, and ascends upwards, so as to produce cur- 
rents from the north and south, which move forward to sup- 
ply the place of the heated air as it rises. These two cur- 
rents, coming from latitudes where the daily motion of the 
earth is less than at the equator, do not obtain its full rate of 
motion, and therefore, when they approach the equator, do 
not move so fast eastward as that portion of the earth, by 
the difference between the equator's velocity, and that of the 
latitudes from which they come. This wind, therefore, falls 
behind the earth in her diurnal motion, and consequently has 
a relative motion towards the west. This constant breeze 
towards the west is called the trade loind, because a large 
portion of the commerce of nations comes within its influence. 

686. Counter Currents.— -While the air in the lower re- 
gions of the atmosphere is thus constantly flowing from the 
north and south towards the equator, and forming the trade 
winds between the tropics, the heated air from these regions 
as perpetually rises, and forms a counter current through the 
higher regions, towards the north and south from the tropics, 
thus restoring the equilibrium. 

687. This counter motion of the air in the upper and lower 
regions is illustrated by a very simple experiment. Open a 
door a few inches, leading into a heated room, and hold a 

Whal is said of the ascent of heated air at the equator ! What :\s the ^consequence 
„„ .1 a, r.owwdsih, north and south J How are .he ^™?%£%^J™fc 
the air in the lower regions flows from the north and south towards the equator, m 
what direction does it flow in the higher regions ! 

la 
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lighted candle at the top of the passage ; the current of air, 
as indicated by the direction of the flame, will be out of the 
room. Then set the candle on the floor, and it will show- 
that the current is there into the room. Thus, while the 
heated air rises and passes out of the room, at the same time 
that which is colder flows in, along the floor, to take its 
place. 

This explains the reason why our feet are apt to suffer 
with the cold, in a room moderately heated, while the other 
parts of the body are comfortable. It also explains why 
those who sit in the gallery of a church are sufficiently 
warm, while those who sit below may be shivering with the 
cold. 

688. From such facts, showing the tendency of heated 
air to ascend, while that which is colder moves forward to 
supply its place, it is easy to account for the reason why the 
wind blows perpetually from the north and south towards 
the tropins ; for the air being heated, as stated above, it as- 
cends, and then flows north and south towards the poles, 
until, growing cold, it sinks down and again flows towards 
the equator. 

689. Perhaps these opposite motions of the two currents 
will be better understood by the sketch, Fig. 1 49. 




Opposite Currents of Air. 

Suppose a b c to represent a portion of the earth's surface 
a being towards the north pole, c towards the south pole, and 
b the equator. The currents of air are supposed to pass in 
the direction of the arrows. The wind, therefore, from a to 
b would blow on the surface of the earth, from north to 
south, while from e to a, the upper current would pass from 

How is this counter current in lower and upper regions illustrated by a simple ex- 
periment 1 What common fact does this experiment illustrate ? 
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south to north, until it came to a, when it would change its di- 
rection towards the south. The currents in the southern 
hemisphere being governed by the same laws, would as- 
sume similar directions./ 



VELOCITY OF WIND. 



Fig. 150. 



690. The velocity of aerial movements amount, according 
to authors, from to upwards of 100 miles an hour; but the 
maximum is variously stated by different experiments, nor do 
we see how any great degree of accuracy can be attained 
on this point. The best method is, to deduce the velocity, 
by the force of wind ; which is done by an instrument in- 
vented for that purpose by Dr. Lind, a figure of which we 
here insert. 

691. Anemometer, or Wind Measurer. 
It consists of a glass tube, Fig. 150, bent 
into the form of the letter U, and open at 
both ends. The upper end of B is bent to 
the horizontal direction, and is widened at 
the mouth for the purpose of receiving the 
wind. The tube being partly filled with 
water, and exposed to a current of air, the 
fluid is depressed in that, and of course 
rises in the other leg of the tube. As the 
water is on a level in both branches when 
the air is still, if it is depressed to B on one 
side, it must rise to C on the other, the 

amount of rise, and consequently the degree of force, being 
measured by a graduated scale. Now as the pressure of 
water is as its height, the rise in the tube will not be in di- 
rect proportion to the force of the wind, but the velocity of 
the wind will be m the ratio of the square root of the resist- 
ance. The tube is diminished at the base to check the 
undulations of the water. . 

By this instrument it is found that the following popular 
expressions with respect to aerial currents, are indicated on 
the scale as here expressed. 




Anemometer. 



What is the nameof fg™™* « V* ZVfZl^&l*^ 
it constructed? .What c $£espoudeuct . i . ^ of cit for 

common ?*P res * 10 fV • ™h« 'S t K m perature iu clouds? Explain the reason 
moisture increasing faster H a ,, ; mpe ' ram is tne result . Wnat is 

S^of&'iffiSSi *w8u£ the forms and materials of this instn, 
ment? 
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Velocity of the Wind in miles per hour. Common app.llniion of Ihe force of Wind 

1 Hardly perceptible. 

4 Gentle breeze. 

Q Pleasant wind. 

10 Brisk wind. 

15 Very brisk wind. 

20 High wind. 

30 Very high wind. 

40 A storm. 

50 A hard storm. 

60 A great storm. 

80 A hurricane. 

100 A violent hurricane. 



692. Rain is falling water in the form of drops. It appears 
to result from the meeting of two clouds of different tempera- 
tures. 

In explaining the theory of rain, it must be understood, 
that warm air has a greater capacity for moisture than cold. 
It is also ascertained, that this capacity increases at a much 
faster ratio than the increase of temperature itself, and hence 
it follows that if two clouds at different temperatures, com- 
pletely saturated, meet and mingle together, a precipitation 
of moisture must take place in consequence of the mixture. 
This would result from the fact that the warmest cloud con- 
tained a greater portion of moisture than is indicated by its 
temperature, as stated above, while the mixture would form 
a mean temperature, but the mean quantity of vapor could 
not be retained, since the sum of their capacities for vapor 
would thus be diminished. 

693. Suppose for example, that at the temperature of 15 
degrees, air can hold 200 parts of moisture ; then at 30 de- 
grees it would hold 400 parts, and at 45 degrees 800 parts. 
Now let two equal bulks of this air, one at 1 5, and the other 
at 45 degrees be mixed, the compound would then contain 
200 and 800 parts of moisture = 1000, that is, 500 each, and 
the temperature of the mixture would be 30 degrees. But 
at this temperature, air is saturated with 400 parts of vapor, 
therefore, 100 parts is rejected and falls in the form of rain. 

This is Dr. Hutton's theory of rain, and observation has 
seemed to prove its truth. 

694. Rain Gauge. This is an instrument designed to 
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measure the quantity of rain which falls at any given time 
and place. 

A variety of forms, some quite complicated, jp^ ^j 
have been invented for this purpose. The 
most simple and convenient, for common pur- 
poses, is that represented by Fig. 151. It may 
be two feet high, round in form, and made of 
tin, or copper, well painted. It is furnished 
with a small metallic faucet for drawing off the 
water, and into the stem of this, is inserted a 
glass tube, as a scale, divided into inches and 
tenths of inches. This may be done by means 
of paper, pasted on and then varnished. 

The water will stand at the same height in Rain o a u S e. 
the glass scale that it does in the cylinder, and 
being on the outside, the quantity may be known at a glance. 
If the funnel, or top, is twice the size of the cylinder, then, 
an inch in the scale will indicate half an inch received in- 
to the gauge, or these proportions may be a tenth, when 
much accuracy is required. 



CHAPTER XI. 



OPTICS. 

695. Optics is that science which treats of vision, and the 
properties and phenomena of light. 

The term optics is derived from a Greek word, which sig- 
nifies seeing;. 

This science involves some of the most elegant and im- 
portant branches of natural philosophy. It presents us with 
experiments which are attractive by their beauty, and which 
astonish us by their novelty ; and, at the same time, it inves- 
tigates the principles of some of the most useful among the 
articles of common life. 

696. There are two opinions concerning the nature of 
light. Some maintain that it is composed of material par- 
ticles, which are constantly thrown off from the luminous 



Describe the scale, and what it indicates with respect to the size of the funnel and 
cylinder 7 Define Optics. What is said of the efegance and importance of thus 
science? „ 

18* 
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body ; while others suppose that it is a fluid, diffused through 
al! nature, and that the luminous, or burning body, occasions 
waves or undulations in this fluid, by which the light is 
propagated in the same manner as sound is conveyed 
through the air. The most probable opinion, however, is 
that light is composed of exceedingly minute particles o. 
matter. But whatever may be the nature or cause of light, 
it has certain general properties or effects which we can in- 
vestigate. Thus, by experiment, we can determine the laws 
by which it is governed in its passage through different trans- 
parent substances, and also those by which it is governed 
when it strikes a substance through which it cannot pass. 
We can likewise test its nature to a certain degree, by de- 
composing or dividing it into its elementary parts, as the, 
chemist decomposes any substance he wishes to analyze/ 
697. Definitions. To understand the science of optics, 
it is necessary to define several terms, which, although some 
of them may be in common use, have a technical meaning, 
when applied to this science. 

a. Light is that principle, or substance, which enables us 
to see any body from which it proceeds. If a luminous sub- 
stance, as a burning candle, be carried into a dark room, the 
objects in the room become visible, because they reflect the 
light of the candle to our eyes. 

b. Luminous bodies are such as emit light from their own 
substance. The sun, fire, and phosphorus are luminous 
bodies. The moon, and the other planets, are not luminous 
since they borrow their light from the sun. 

c. Transparent bodies are such as permit the rays of light 
to pass freely through them. Air and some of the gasses 
are perfectly transparent, since they transmit light without 
being visible themselves. Glass and water are also consid- 
ered transparent, but they are not perfectly so, since they are 
themselves visible, and therefore do not suffer the light to 
pass through them without interruption. 

d. Translucent bodies are such as permit the light to pass, 
but not in sufficient quantity to render objects distinct, when 
seen through them. 

a. Opaque is the reverse of transparent. Any body which 

What are the two opinions concerning the nature of light 1 What is ilie most 
probabie opinion 7 What is light 1 What is a luminous body 7 What is a traM< 
parent body ) Are glass and water perfectly transparent 7 How is it proved that 
air is perfectly transparent? What are translucent bodies'! What are opaque 
bodies ? 
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permits none of the rays of light to pass through it, is 
opaque. 

/ Illuminated, enlightened. Any thing is illuminated 
when the light shines upon it so as to make it visible. 
Every object exposed to the sun is illuminated. A lamp 
illuminates a room, and every thing in it. 

g. A Ray is a single line of light, as it comes from a lu- 
minous body. 

h. A Beam of light is a body of parallel rays. 

i. A Penal of light is a body of diverging or converging 
rays. 

k. Divergent rays are such as come from a point, and con- 
tinually separate wider apart as thejr proceed. 

I. Convergent rays are those which approach each other, 
so as to meet at a common point. 

m. Luminous bodies emit rays, or pencils of light, in every 
direction, so that the space through which they are visible 
is filled with them at every possible point. 

698. Thus, the sun illuminates every point of space, with- 
in the whole solar system. A light, as that of a light-house, 
which can be seen from the distance of ten miles in one di- 
rection, fills every point in a circuit often miles from it, with 
light. Were this not the case, the light from it could not 
be seen from every point within that circumference. 

699. Motion of light. The rays of light move forward in 
straight lines from the luminous body, and are never turned out 
of their course, except by some obstacle. 

Fig. 152. 




Motion of Light. 



Let a, Fig. 152, be a beam of light from the sun passing 
through a small orifice in the window shutter, b. The sun 



What is meant bv illuminated] What is a ray of light 1 What is abeam? 
What a pencil "• What are divergent rays t What are convergent rays "? In what 
direction do luminous bodies emit light ? How is it proved that a luminous body 
fills every point within a certain distance with light 1 Why cannot a beam of light 
be seen through a bent tube 1 



212 REFRACTION OF LIGHT. 

cannot be seen through the crooked tube c, because the 
beam passing in a straight line, strikes the side of the tube, 
and therefore does not pass through it. 

700. All illuminated bodies, whether natural or arti- 
ficial, throw off light in every direction of the same color as 
themselves, though the light with which they are illuminated 
is white or without color. 

This fact is obvious to all who are endowed with sight. 
Thus the light proceeding from grass is green, while that 
proceeding from a rose is red, and so of every other color. 

We shall be convinced, in another place, that the white 
light with which things are illuminated, is really composed 
of several colors, and that bodies reflect only the rays of 
their own color, while they absorb all the other rays/ 

701. Velocity of Light. Light moves with the amazing 
'rapidity of about 95 millions of miles in 8-£ minutes, since it is 
proved by certain astronomical observations, that the light 
of the sun comes to the earth in that time. This velocity 
is so great, that to any distance at which an artificial light 
can be seen, it seems to be transmitted instantaneously. 

If a ton of gunpowder were exploded on the top of a 
mountain, where its light could be seen a hundred miles, no 
perceptible difference would be observed in the time of its 
appearance on the spot, and at the distance of a hundred 
miles. 

REFRACTION OF LIGHT. 

702. Although a ray of light will pass in a straight line, 
when not interrupted, yet when it passes obliquely from one 
transparent body into another, of a different density, it leaves 
its linear direction, and is bent, or refracted more or less, out of 
its former course. 

This change in the direction of Fig. 153. 

light, seems to arise from a certain 
power, or quality, which transparent 
bodies possess in different degrees ; 
for some substances bend the rays 
of light much more obliquely than 
others 

The manner in which the rays 
of light are refracted, may be 
readily understood by Fig. 153. 

Let a be a ray of the sun's light, Refraction. ^ 
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proceeding obliquely towards the surface of the water c, d, 
and let e be the point which it would strike, if moving only 
through the air. Now, instead of passing through the wa- 
ter in the line a, e, it will be bent or refracted, on entering the 
water, from o to n, and having passed through the fluid it is 
again refracted in a contrary direction on passing out of the 
water, and then proceeds onward in a straight line as before. 

703. Cup and Shilling. The refraction of water is beau- 
tifully proved by the following simple experiment. Place 
an empty cup, Fig. ,154, with a shilling on the bottom, in 
such a position that the side of the cup will just hide the 
piece of money from the 

eye. Then let another Fig. 154. 

person fill the cup with ~~n 
water, keeping the eye in ^^. 
the same position as before. \ 

As the water is poured in, N s ^ 

the shilling will become n. 

visible, appearing to rise ^v „= 

with the water. The ef- |^5|| 3^1 

feet of the water is to bend \V\ ""/ 

the ray of light coming \ VN. / 

from the shilling, so as to v — s__-^ 

make it meet the eye be- Cup and Shming c 

low the point where it oth- 
erwise would. Thus the eye could not see the shilling in 
the direction of c, since the line of vision is towards a, and 
c is hidden by the side of the cup. But the refraction of the 
water bends the ray downwards, producing the same effect 
as though the object had been raised upwards, and hence it 
becomes visible. 

704. Refraction by several media. The transparent body 
through which the light passes is called the medium, and it 
is found in all cases, " that where a ray of light passes obliquely 
from one medium into another of a different density, it is re- 
fracted, or turned out of its former course." This is illus- 
trated in the above examples, the water being a more dense 



What is the color of the light which different bodies throw off? If grass throws 
offgreen light, what becomes of the other rays ? What is the rate of velocity with 
which light moves ! Can we perceive any difference in the time which it takes an 
artificial light to pass to us from a great or small distance ? What is meant by the 
on of light *l Do all transparent bodies refract light equally ') Explain rig. 
153. and show how the ray is refracted in passing into and out ot the water. 
Explain Fig. 154, and state the reason why the shilling seems to be raised up by 
pouring in the water. What is a medium 1 In what direction must a ray of light 
pass towards the medium to be refracted 1 
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medium than air. The refraction takes place at the surface 
of the medium, and the raj is refracted in its passage out of 
the refracting substance as well as into it. 

705. If the ray, after having passed through the water, 
then strikes upon a still more dense medium, as a pane of 
glass, it will again be refracted. It is understood, that in all 
cases, the ray must fall upon the refracting medium ob- 
liquely, in order to be refracted, for if it proceeds from one 
medium to another perpendicularly to their surfaces, it will 
pass straight through them all, and no refraction will take 
place. 

Thus, in Fig. 155, let a represent air, b water, and c a 
piece of glass. The ray d, striking each medium in a per- 
pendicular direction, passes through them all in a straight 
line. The oblique ray passes through the air in the direc- 
tion of c, but meeting the water, is refracted in the direction 
of o ; then falling upon the glass, it is again refracted in the 
direction jof p, nearly parallel with the perpendicular line <L/ 

706. In all cases where the ray passes out of a rarer into a 
denser medium, it is refracted towards a perpendicular line, 
raised from the surface of the denser medium, and so, when it 
passes out of a denser, into a rarer medium, it is refracted 
from the same perpendicular. 




Fig. 156. 





Water 



Glass and Water. 



P ° 

Air, Water, and Glass. 



Will a ray falling perpendicularly on a medium be refracted t Explain Fig. 155, 
and show how the ray e is refracted. When the ray passes out oi a rarer into a 
denser medium, in what direction is it ri fracted 1 When it passes out of a denser 
into a rarer medium, in what direction is Ihe refraction 1 Explain this by Fig. 156 
What is the cause of refraction 7 
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Let the medium b, Fig. 15G, be glass, and the medium c, 
water. The ray a, as it falls upon the medium b, is refracted 
towards the perpendicular line e d ; but when it enters the 
water, whose refractive power is less than that of glass, it 
is not bent so near the perpendicular as before, and hence it 
is refracted from, instead of towards the perpendicular line, 
and approaches the original direction of the ray a g, when 
passing through the air. 

The cause of refraction appears to be the power of at- 
traction, which the denser medium exerts on the passing 
ray ; and in all cases the attracting force acts in the direc- 
tion of a perpendicular to the refracting surface. 

707. Refraction by Water. — The refraction of the rays of 
lio-ht, as they fall upon the surface of the water, is the 
reason why a straight rod, with one end in the water, and 
the other end rising above it, appears to be broken, or bent. 
ami also to be shortened. 

Suppose the rod a, Fig. 157, to be set with one half of its 
length below the surface of the water, and the other half 
above it. The eye being placed in an oblique direction, will 
see the lower end apparently at the point o, while the real 
termination of the rod would be at n ; the refraction will 
therefore make the rod appear shorter by the distance from 
o to n, or one-fourth shorter than the part below the water 
really is. The reason why the rod appears distorted, or 
broken, is, that we judge of the direction of the part which 
is under the water, by that which is above it, and the refrac- 
tion of the rays coming from below the surface of the water, 
give them a different direction, when compared with those 
coining from that part of the rod which is above it. Hence, 
when the whole rod is below the water, no such distorted 
appearance is observed, because then all the rays are re- 
fracted equally. 

For the reason just explained, persons are often deceived 
in respect to the depth of water, the refraction making it 
appear much more shallow than it really is ; and there is no 
doubt but the most serious accidents have often happened to 
those who have gone into the water under such deception ; 
for a pond which is really six feet deep, will appear to the 
eye only a little more than four feet deep. 

What is the reason that a rod, with one end in the water, appears distorted and 
shorter than it really is ! Why dors the water in a pond appear less deep than it 
really is ? 
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708. If a boy throws his ball against the side of a house 
swiftly, and in a perpendicular direction, it will bound back 
nearly in the line in which it was thrown, and he will be 
able to catch it with his hands ; but if the ball be thrown 
obliquely to the right, or left, it will bound away from the 
side of the house in the same relative direction in which it 
was thrown. 

The reflection of light, so far as regards the line of ap- 
proach, and the line of leaving a reflecting surface, is gov- 
erned by the same law. 

Thus, if a sunbeam, Fig. 158, passing through a small 
aperture in the window shutter a, be permitted to fall upon 
the plane mirror, or looking-glass, c, d, at right-angles, it will 
be reflected back at right-angles with the mirror, and there- 
fore will pass back again in exactly the same direction in 
which it approached. 

709. But if the ray strikes the mirror in an oblique direc- 
tion, it will also be thrown off in an oblique direction, oppo- 
site to that from which it came. 

Fig. 160. 

Fig. 158. 
c 





d 



Let a ray pass towards a mirror in the line a, c, Fig. 159, 
it will be reflected off in the direction of c, d, making the 
angles 1 and 2 exactly equal. 

The ray a, c, is called the incident ray, and the ray c, d, 

Suppose a sunbeam falls upon a plane mirror, at right-angles with its surface, in 
what direction will it be reflected ? Suppose th'e ray falls obliquely on its surface, 
in what direction will it then be reflected ! What is an incident ray of light ? What 
is a reflected ray of light 1 What general law in optics results from observations on 
the incident and reflected rays ? How many kinds of mirrors are there 1 
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the reflected ray ; and it is found, in all cases, that whatever 
angle the ray of incidence makes with the reflecting sur- 
face, or with a perpendicular line drawn from the reflecting 
surface, exactly the same angle is made by the reflected ray. 

710. From these facts, arises the general law in optics, 
that the angle of reflection is equal to the angle of incidence. 

The ray a, c, Fig. 160, is the ray of incidence, and that 
from c to d, is the ray of reflection. The angles which a, c, 
make with the perpendicular line, and with the plane of the 
mirror, is exactly equal to those made by c, d, with the same 
perpendicular, and the same plane surface. 



711. Mirrors are of three kinds, namely, plane, convex, and 
concave. They are made of polished metal, or of glass covered 
on the back with an amalgam of tin and quicksilver. 

Plane Mirror. — The common looking-glass is a plane 
mirror, and consists of a plate of ground glass so highly 
polished as to permit the rays of light to pass through it 
with little interruption. On the back of this plate is placed 
the reflecting surface, which consists of a mixture of tin 
and mercury. The glass plate, therefore, only answers the 
purpose of sustaining the metallic surface on its plate, — of 
admitting the rays of light to and from it. and of preventing 
its surface from tarnishing, by excluding the air. Could the 
metallic surface, however, be retained in its place, and not 
exposed to the air, without the glass plate, these mirrors 
would be much more perfect than they are, since, in prac- 
tice, glass cannot be made so perfect as to transmit all the 
rays of light which fall on its surface. 

712. When applied to the plane mirror, the angles of in- 
cidence and of reflection are equal, as already stated ; and it 
therefore follows, that when the rays of light fall upon it 
obliquely in one direction, they are thrown off under the 
same angle in the opposite direction. 

This is the reason why the images of objects can be seen 
when the objects themselves are not visible. 

Suppose the mirror, a b, Fig. 161, to be placed on the side 
of a room, and a lamp to be set in another room, but so 
situated as that its light would shine upon the glass. The 



What kind of mirror is the common looking-glass 1 Of what use is the glass 
plate in the construction of this mirror ? Explain Fig. 161, and show how the 
image of an object can be seen in a plane mirror, when the real object is invisible. 

19 
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lamp itself could not be seen by the Fig. 161. 

eye placed at e, because the partition 
d is between them ; but its image 
would be visible at e, because the 
angle of the incident ray, coming 
from the light, and that of the re- 
flected ray which reaches the eye, 
are equal. 

713. An image from a plane mirror 
appears to be just as far behind the 
mirror, as the object is before it, so 
that when a person approaches this 
mirror, his image seems to come for- Equal Angles, 

ward to meet him ; and when he with- 
draws from it, his image appears to be moving backward at the 
same rate. 

If, for instance, one end of a rod, two feet long, be made 
to touch the surface of such a mirror, this end of the rod, 
and its image, will seem nearly to touch each other, there 
being only the thickness of the glass between them ; while 
the other end of the rod, and the other end of its image, will 
appear to be equally distant from the point of contact. 

The reason of this is explained on the principle that the 
angle of incidence and that of reflection is equal. 

Suppose the arrow a to 
be the object reflected by Fig. 162. 

the mirror d c, Fig. 162 : the 
incident rays a, flowing from 
the end of the arrow, being 
thrown back by reflection, 
will meet the eye in the 
same state of divergence 
that they would do, if they 
proceeded to the same dis- 
tance behind the mirror, that 
the eye is before it, as at o. 
Therefore, by the same law, 
the reflected rays, where 

they meet the eye at e, appear to diverge from a point h, just 
as far behind the mirror as a is before it, and consequently 
the end of the arrow most remote from the glass will appear 
to be at h, or the point where the approaching rays would 

The image of an object appears just as far behind a plane mirror, as the object is 
before it. Explain Fig . 162, and show why this is the case 
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meet, were they continued onward behind the glass. The 
rays flowing from every other part of the arrow follow the 
same law ; and thus every part of the image seems to be at 
the same iiistance behind the mirror that the object really is 
before itJ^ 

7 1 4. In a plane mirror, a person may see his whole image, 
when the mirror is only half as long as himself let him stand 
at any distance from it whatever. 

This is also explained by the law, that the angles of inci- 
dence and reflection are equal. If the mirror be elevated so 
that the ray of light from the eye falls perpendicularly upon 
the mirror, this ray will be thrown back by reflection in the 
same direction, so that the incident and reflected ray by 
which the image of the eyes and face are formed, will be 
nearly parallel, while the ray flowing from his feet will fall 
on the mirror obliquely, and will be reflected as obliquely in 
the contrary direction, and so of all the other rays by which 
the image of the different parts of the person is formed. 

715. This will be 

understood by Fitr- _ **■§■ 163. 

163, where the ray 
of light A B, proceed- 
ing from the eye, falls 
perpendicularly on 
the plane mirror B D, 
will be reflected back 
in the same line; but 
the ray CD coming "* Ja ... . ,,«. , ,, , .. „. , 

/ . => Mirror half the length of the object. 

from the feet, which 
falls obliquely on the mirror, will be reflected back under the 
same angle in the line D A ; and since we see objects in the 
direction of the reflected rays, and the image appears at the 
same distance behind the mirror that the object is before it, 
(713) we must continue the line AD to the feet, E, and for the 
same reason, the rays A B, from the eye, must be prolonged to 
F, as far behind the mirror as the line E extends, where the 
whole image will be represented. 

Now. the line D E, behind the mirror, is just equal to D A 
before it ; and the distance of A C is just, twice that, of B D ; 
therefore, the whole person is seen in a mirror of half its 
length, the image being as far behind the reflector as the ob- 
ject is before it. 

Bee his whole image 1 Explain, by tlie lines in r ig. j > 

•ee hersell'in a mirror one half her length. 
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A shorter mirror would not show the whole person, be- 
cause the rays coming from the feet would fall so obliquely 
upon it as to be reflected above his head, and thus could not 
be seen ; but another person placed there might see the whole 
image, though the owner could not. 

716. Convex Mirror. — A 
convex mirror is a part of a 
sphere, or globe, reflecting from 
the outside. 

Suppose Fig. 164 to be a 
sphere, then the part from a to 
o, would be a section of the 
sphere. Any part of a hollow 
ball of glass, with an amal- 
gam of tin and quicksilver 
spread on the inside, or any 
part of a metallic globe polish- 
ed on the outside, would form 
a convex mirror. 

The axis of a convex mirror, is a line, as c b, passing 
through its centre. 

717. Divergent and Convergent 
Rays. — Rays of light are said to 
diverge, when they proceed from 
the same point, and constantly 
recede from each other, as from 
the point a, Fig. 165. Rays of 
light are said to converge, when 
they approach each other in such 
a direction as finally to meet at a 
point, as at b, Fig. 165. 

The image formed by a plane mirror, as we have already 
seen, is of the same size as the object, but the image reflected 
from the convex mirror is always smaller than the object. 

The law which governs the passage of light with respect 
to the angles of incidence and reflection, to and from the 
convex mirror, is the same as already stated, for the plane 
mirror. 

718. "From the surface of a plane mirror, parallel rays are 
reflected parallel ; but the convex mirror causes parallel rays 
falling on its surface to diverge, by reflection. 

Why cannot a person see his whole figure in a mirror less than half his length! 
What is a convex mirror 7 What is the axis of a convex mirror "? What are diverg- 
ing rays 1 What are converging rays 7 What law governs the passage of light from 
and to the convex mirror 1 



Convex Mirror. 



Fig. 165. 




Rays of Light. 
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Fig. 166 
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Divergent Rays. 



To make this understood, 
let 1, 2, 3, Fig. 166, be paral- 
lel rajs, falling on the sur- 
face of the convex reflector, 
of which a would be the cen- 
tre, were the reflector a whole 
sphere. The raj 2 is perpen- 
dicular to the surface of the 
mirror, for when continued in 
the same direction, it strikes 
the axis, or centre of the cir- 
cle a. The two rajs, 1 and 
3, being parallel to this, all 
three would fall on a plane 
mirror in a perpendicular 
direction, and consequentlj 
would be reflected in the lines of their incidence. But the 
obliquitj of the convex surface, it is obvious, will render the 
direction of the rajs 1 and 3 oblique to that surface, for the 
same reason that 2 is perpendicular to that part of the circle 
on which it falls. Rajs falling on anj part of this mirror, 
in a direction which, if continued through the circumference, 
would strike the centre, are perpendicular to the side where 
thej fall. Thus, the dotted lines, c a and d a, are perpen- 
dicular to the surface, as well as 2. 

Now the reflection of the raj 2, will be back in the line of 
its incidence, but the rajs 1 and 3, falling obliquelj, are re- 
flected under the same angles as those at which thej fell, and 
therefore their lines of reflection will be as far without the per- 
pendicular lines c a and d a, as the lines of their incident rajs, 
1 and 3, are within them, and consequentlj thej will diverge 
in the direction of e and o ; and since we alwajs see the im- 
age in the direction of the reflected raj, an object placed at 
1, would appear behind the surface of the mirror at w, or in 
the direction of the line o n. 

719. Plane Surfaces. — Perhaps the subject of the convex 
mirror will be better understood, bj considering its surface 
to be formed of a number of plane faces, indefinitely small. 
In this case, each point from which a ray is reflected, would 
act in the same manner as a plane mirror, and the whole, in 
the manner of a number of minute mirrors inclined from each 
other. 



Are parallel rays falling on aconvex mirror, reflected parallel ] Explain Fig. 166. 
How is the action of the convex mirror illustrated by a number of plane mirrorBl 

19* 
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Fig. 168. 




Suppose a and b, Fig. 167, to be the points on a convex 
mirror, from which the two parallel rays, c and d, are re- 
flected. Now, from the surface of a plane mirror, the re- 
flected rays would be parallel, whenever the incident ones are 
so, because each will fall upon the surface under the same 
angles. But it is obvious, in the present case, that these 
rays fall upon the surfaces, a and ft, under different angles, 
as respects the surfaces, c approaching in a more oblique di- 
rection than d ; consequently c is reflected more obliquely 
than d, and the two reflected rays, instead of being parallel 
as before, diverge in the direction of n and o. 

720. Again, the two converging rays a and b, Fig. 168, 
without the interposition of the reflecting surfaces, would 
meet at c, but because the angles of reflection are equal to 
those of incidence, and because the surfaces of reflection are 
inclined from each other, these rays are reflected less con- 
vergent, and instead of meeting at the same distance before 
the mirror that c is behind tf, are sent off in the direction of 
e, at which point they meet y( 

721. " Thus parallel rays falling on a convex mirror, are ren- 
dered divergent by reflection ; converging rays are made less 
convergent, w parallel and diverging rays more divergent." 

The effect of the convex mirror, therefore, is to disperse 
the rays of light in all directions ; and it is proper here to 
remind the pupil, that although the rays of light are repre- 
sented on paper by single lines, there are in fact probably 
millions of rays, proceeding from every point of all visible 



Explain Fig. 167. What effect does the convex mirror have upon parallel rays 
by reflection 1 What is its effect on converging rays ? What is its effect on diverg- 
ing rays 7 Do the rays of light proceed only from the extremities of objects, as rep- 
resented in figures, or from all their parts 1 
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bodies. Only a comparatively small number of these rays, 
it is true, can enter the eye, for it is only by those which 
proceed in straight lines from the different parts of the object, 
and enter the pupil, that the sense of vision is excited. 

Now, to conceive how exceedingly small must be the pro- 
portion of light thrown off, from any visible object which 
enters the eye, we must consider that the same object reflects 
rays in every other direction, as well as in that in which it 
is seen. Thus, the gilded ball on the steeple of a church 
may be seen by millions of persons at the same time, who 
stand upon the ground ; and were millions more raised above 
these, it would be visible to all. 

When, therefore, it is said, that the convex mirror disperses 
the rays of light which fall upon it from any object, and 
when the direction of these reflected rays are shown only by 
single lines, it must be remembered, that each line represents 
pencils of rays, and that the light not only flows from the 
parts of the object thus designated, but from all the other 
parts. Were this not^he case, the object would be visible 
only at certain points/ 

722. Curved Images. — The images of objects reflected from 
the convex mirror, appear curved, because their different parts 
are not equally distant from its surface.. 

If the object a be placed 
obliquely before the con- Fig. 169. 

vex mirror, Fig. 169, then ^^ ^Ka 

the converging rays from 
its two extremities falling 
obliquely on its surface, 
would, were they prolonged 
through the mirror, meet at 
the point c, behind it. But 
instead of being thus con- 
tinued, they are thrown curved image. 
back by the mirror in less . . 
convergent lines, which meet the eye at e, it being, as we 
have seen, one of the properties of this mirror, to reflect con- 
verging rays less convergent than befoie. 

The image being always seen in the direction from which 
the rays approachtb^eyMt-ap pears behind the mirror at* 

Do all ,he rays of light proceeding from - object enter the ^o-„. y jW 
from convex mirrors apptar curved ! 
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If the eye be kept in the same position, and the object, a, be 
moved further from the mirror, its image will appear smaller, 
in a proportion inversely to the distance to which it is re- 
moved. Consequently, by the same law, the two ends of a 
straight object will appear smaller than its middle, because 
they are further from the reflecting surface of the mirror. 
Thus, the images of straight objects, held before a convex 
mirror, appear curved, and for the same reason, the features 
of the face appear out of proportion, the nose being too large, 
and the cheeks too small, or narrow. 

723. Why objects appear Large or Small. — Objects appear 
to us large or small, in proportion to the angle which the 
rays of light, proceeding from their extreme parts, form, 
when they meet at the eye. For it is plain that the half of 
any object will appear under a less angle than the whole, 
and the quarter under a less angle still. Therefore the 
smaller an object is, the smaller will be the angle under 
which it will appear at a given distance. If, then, a mirror 
makes the angle under which an object is seen, smaller, the 
object itself will seem smaller than it really is. Hence the 
image of an object, when reflected from the convex mirror, ap- 
pears smaller than the object itself. This will be understood 
by Fig. 170. 

Suppose the rays flowing from the extremities of the 
object a, to be reflected back to c, under the same degrees of 
convergence at which they strike the mirror ; then, as in the 
plane mirror, the image d, would appear of the same size as 
the object a ; for if the rays from a were prolonged behind 
the mirror, they would meet at b, but forming the same 
angle, by reflection, that they would do, if thus prolonged, 
the object seen from b, and its image from c, would appear 
of the same dimensions. 

But instead of this, the rays from the arrow a, being ren- 
dered less convergent by reflection, are continued onward, 
and meet the eye under a more acute angle than at c, the 
angle under which they actually meet, being represented at 
e, consequently the image of the object is shortened in pro- 
portion to the acuteness of this angle, and the object appears 
diminished as represented at o. 



Why do the features of the face appear out of proportion by this mirror 1 Why 
does an image reflected from a convex surface appear smaller than theobiect i Why 
does the half of an object appear to the eye smaller than the whole 7 Suppose the 

^e^tanl'itf^e'r 6 ^ W ™ U "" * "» ^^ btiween?& *» 
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724. The image of an object appears less, as the object is 
removed to a greater distance from a convex mirror. 



Fig. 170. 



Fig. 171. 



&: 




Object Diminished. 



Convex Mirror. 



To explain this, let us suppose that the arrow a, Fig. 171, 
is diminished by reflection from the convex surface, so that 
its image appearing at d, with the eye at c, shall seem as 
much smaller in proportion to the object, as d is less than a. 
Now, keeping the eye at the same distance from the mirror, 
withdraw the object, so that it shall be equally distant with 
the eye, and the image will gradually diminish, as the arrow 
is removed. 

725. The reason will be made plain by the next figure ; 
for as the arrow is moved backwards, the angle at c, Fig. 
172, must be diminished, because the rays flowing from the 
extremities of the object fall a greater distance before they 
reach the surface of the mirror ; and as the angles of the 
reflected rays bear a proportion to those of the incident ones, 
so the angle of vision will become less in proportion, as the 
object is withdrawn. The effect, therefore, of withdrawing 
the object, is first to lessen the distance between the converg- 
ing rays, flowing from it, at the point where they strike the 
mirror, and as a consequence, to diminish the angle under 
which the reflected rays convey its image to the eye. 

726. Why the Image seems near the surface. — In the plane 
mirror, as already shown, the image appears exactly as far 
behind the mirror as the object is before it, but the convex 



How is the image affected when the object is withdrawn from the surface of a 
convex mirror 1 Explain Figs. 170 and 171, and show the reason why the mages 
are diminish,,! when the objects are removed from the convex m.rror What is 
said to be the first effect of withdrawing the object from a convex surface, and 
what the consequence on the angle of reflected rays I Lx,.lam the reason why the 
image appears near the surface ol the convex miiroi 
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mirror shows the image just under the surface, or, when the 
object is removed to a distance, a little way behind it. To 
understand the reason of this difference, it must be remem- 
bered, that the plane mirror makes the image seem as far 
behind, as the object is before it, because the rajs are re- 
flected in the same relative position at which thej fall upon 
its surface. Thus parallel rays are reflected parallel ; diver- 
gent rays equally divergent, and convergent rays equally 
convergent. But the convex mirror, as also above shown, 
(721) reflects convergent rays less convergent, and divergent 
rays more divergent, and it is from this property of the con- 
vex mirror that the image appears near its surface, and not 
as far behind it as the object is before it, as in the plane 
mirror. 



Fig. 172. 



Fig. 173. 





Let us suppose that «, Fig. 173, is a luminous point, from 
which a pencil of diverging rays falls upon a convex mirror. 
These rays, as already demonstrated, will be reflected more 
divergent, and consequently will meet the eye at c, in a 
wider state of dispersion than they fell upon the mirror at o. 
Now, as the image will appear at the point where the diverg- 
ing rays would converge to a focus in a contrary direction, 
were they prolonged behind the mirror, so it cannot appear 
as far behind the reflecting surface as the object is before it, 
for the more widely the rays meeting at the eye are sepa- 
rated, the shorter will be the distance at which they will 
come to a point. The image will, therefore, appear at n, 
instead of appearing at an equal distance behind the mirror 
that the object a is before it. 



Whal is the shape of the concave mirror, and in what respect does it differ from 
- ituvex minor J How may convex and concave mirrors be united in tlicsame 
..-li .inutil I 
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727. The reflection of the concave mirror takes place from 
its inside, or concave surface, while that of the convex mirror is 
from the outside, or convex surface. Thus the section of a 

metallic sphere, polished on both sides, is both a concave and 
convex mirror, as one or the other side in employed for re- 
flection. 

The effect and phenomena of this mirror will therefore be, 
in many respects, directly the contrary from those already 
detailed in reference to the convex mirror. 

From the plane mirror, the relation of the incident rays are 
not changed by reflection ; from the convex mirror they are 
dispersed ; but the concave mirror renders the rays reflected 
from it more convergent, and tends to concentrate them into a 
focus. 

The surface of the concave mirror, like that of the convex, 
may be considered as a great number of minute plane mirrors, 
inclined to, instead of from, each other at certain angles, in 
proportion to its concavity. 

728. The laws of incidence and reflection are the same, 
when applied to the concave mirror, as those already ex- 
plained in reference to the other mirrors. 

Plane Mirrors Inclined. — In refer- Fig. 174. 

ence to the concave mirror, let us, in 
the first place, examine the effect of 
two plane mirrors inclined to each 
other, as in Fig. 174, on parallel rays 
of light. The incident rays, a and h,. 
being parallel before they reach the 
reflectors, are thrown off at unequal 
angles in respect to each other, for b 
falls on the mirror more obliquely than 
a, and consequently is thrown off more 
obliquely in a contrary direction, there- 
fore, the angles of reflection being equal to those of incidence, 
the two rays meet at c. Thus we see that the effect of two 
plane mirrors inclined tv each other, is to make parallel rays 
converge and meet in a focus. 




What is the difference of effect between the concave, convex, and plane mirrors, 
on the reflected rays 1 In what respect may the concave mirror be considered as a 
number of plane mirrors 1 
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The same result would take place, whether the mirror 
was one continued circle, or an infinite number of small 
mirrors inclined to each other in the same relation as the 
different parts of the circle. 

The effect of this mirror, as we have seen, being to render 
parallel rays convergent, the same principle will render 
diverging rays parallel, and converging rays still more con- 
vergent. v >C 

729. Focus of a Concave Mirror. — The focus of a concave 
mirror is the point where the rays are brought together by 
reflection. The centre of concavity in a concave mirror, is the 
centre of the sphere, of which the mirror is a part. In all 
concave mirrors, the focus of parallel rays, or rays falling 
directly from the sun, is at the distance of half the semi- 
diameter of the sphere, or globe, of which the reflector is a 
part. 

Thus, the parallel p^ ^5 

rays 1,2,3, &c, Fig. 
175, all meet at the 
point 0, which is half 
the distance between 
the centre a, of the 
whole sphere, and 
the surface of the 
reflector, and there- 
fore one quarter the 
diameter of the whole 
sphere, of which the 
mirror is a part. 

730. Principal Fo- 
cus. — In concave mir- 
rors, of all dimen- 
sions, the reflected 
rays follow the same law ; that is, parallel rays meet and 
cross each other at the distance of one-fourth the diameter 
of the sphere of which they are sections. This point is 
called the principal focus of the reflector. 

But if the incident rays are divergent, the focus will be 
removed to a greater distance from the surface of the mirror, 
than when they are parallel, in proportion to their divergency. 

What is the focus ol' a concave mirror? AI what distance from its surface is Die 

£? US °' P? ra Uel rays in this mirror? What - ,i„ principt cus ol a c save 

SiX. hc " icident ravs «e divergent, where will be tin focus I II the inci- 

oenr.r*,'* are con' urgent, where will lie thi 1 icu I 




Focus of a Concave Mirror. 
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This might be inferred from the general laws of incidence 
and reflection, but will be made obvious by Fig. 176, where 
the diverging rays 1, 2, 3, 4, form a focus at the point o, 
whereas, had they been parallel, their focus would have 
been at a. That is, the actual focus is at the centre of the 
sphere, instead of being half way between the centre and 
circumference, as is the case when the incident rays are 
parallel. The real focus, therefore, is beyond, or without, 
the principal focus of the mirror. 

731. By the same law, converging rays will form a point 
within the principal focus of the mirror. 



Fie. 176. 





Divergent Rays. Convergent Rays. 

Thus, were the rays falling on the mirror, Fig. 177, 
parallel, the focus would be at a; but in consequence 
of their previous convergency, they are brought together 
at a less distance than the principal focus, and meet 

at o.^^^. , , 

The concave mirror, when the object is nearer to it than the 
'principal focus, presents the image larger than the object, erect, 
and behind the mirror. ■ ,«, . 

To explain this, let us suppose the object a Fig.U^io 
be placed before the mirror, and nearer to it than the prin- 
cipal focus. Then the rays proceeding from the extremities 
of the object without interruption, would continue to diverge 
in the lines o and n, as seen behind the mirror ; but, by reflection 
they are made to divergel^thante fore, and consequently 

r „ ,„«». mirror be larger than the object, erect, and 

When will ^W^Sto/^wS " .1 .how wlfy the image is larger than the 
behind the mirror i UixpiAm r ig. i««i 



object. 
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Fig. 178. 




Object within the Focus. 

Fig. 179. 
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to make the angle 
under which they 
meet more obtuse at 
the eye b, than it 
would be if they 
continued onward 
to e, where they 
would have met * 
without reflection. 
The result, there- 
fore, is to render 
the image h, upon 
the eye, as much 
larger than the ob- 
ject a, as the angle 
at the eye is more 
obtuse than the an- 
gle at e. 

732. Magnified Human 
Face. — A more striking 
illustration of this prin- 
ciple is seen at Fig. 179. 
When the concave mir- 
ror is large, say six 
inches in diameter and 
eight or ten inches 
focal distance, it ex- 
hibits the human face 
of enormous bulk, the 
spectator being fright- 
ened at the size and 
coarseness of his own features. Thus, if the face be pre- 
sented within the principal focus of the mirror, as at B, the 
magnified image will be seen as far behind the mirror as the 
face is before it, as at A, and will appear two or three times 
the size of the face, according to the power of the reflector ; 
the reason of which has already been explained and illus- 
trated by Fig. 178. 

On the contrary, if the object is placed more remote from 
the mirror than the principal focus, and between the focus 
and the centre of the sphere of which the reflector is a part, 
then the image will appear inverted on the contrary side of 

When will the image from the concave mirror be inverted, and before the mirror 1 




Magnified Human Face. 
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the centre, and farther from the mirror than the object ; thus, 
if a lamp be 

placed oblique- Fig. 180. 

ly before a con- 
cave mirror, as 
in Fig. 180, its 
image will be 
seen inverted 
in the air, on 
the contrary 

Side of a per- Object beyond the Foeua. 

pendicular line 

through the centre of the mirror. 

733. Curious deceptions by concave mirrors. From the 
property of the concave mirror to form an inverted image of 
the object suspended in the air, many curious and surprising 
deceptions may be produced. Thus, when the mirror, the 
object, and the light, are placed so that they cannot be seen, 
(which may be done by placing a screen before the light, 
and permitting the reflected rays to pass through a small 
aperture in another screen.) the person mistakes the image of 
the object for its reality, and not understanding the deception, 
thinks he sees persons walking with their heads downwards, 
and cups of water turned bottom upwards, without spilling a 
drop. Again, he sees clusters of delicious fruit, and when 
invited to help himself, on reaching out his hand for that 
purpose, he finds that the object either suddenly vanishes 
from his sight, owing to his having moved his eye out of the 
proper range, or that it is intangible. 

This kind of deception maybe illustrated by any one who 
has a concave mirror only of three or four inches in diamter, 
in the following manner. 

Suppose the tumbler a, to be filled with water, and placed 
beyond the principal focus of the concave mirror, Fig. 181, 
and so managed as to be hid from the eye c, by the screen b. 
The lamp by which the tumbler is illuminated must also be 
placed behind the screen, and near the tumbler. To a per- 
son placed at c, the tumbler with its contents will appear 
inverted at e, and suspended in the air. By carefully moving 
forward, and still keeping the eye in the same line with re- 
spect to the mirror, the person may pass his hand through 



What property has the concave mirror, by which singular deceptions may be pro- 
duced ? Whal are these deceptions 1 
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Fig. 181. 




Deception by Mirrors. 

the shadow of the tumbler; but without such conviction, 
any one unacquainted with such things, could hardly be 
made to believe that the image was not a reality. 

By placing another screen between the mirror and the 
image, and permitting the converging rays to pass through 
an aperture in it, the mirror may be nearly covered from the 
eye, and thus the deception would be increased. / 

734. Amusing effects of th°. concave mirror. The image 
reflected from a concave mirror, moves in the same direction 
with the object, when the object is within the principal focus ; 
but when the object is more remote than the principal focus, 
the image moves in a contrary direction from the object, be- 
cause the rays then cross each other. If a man place him- 
self directly before a large concave mirror, but farther from 
it than the centre of concavity, he will see an inverted image 
of himself in the air, between him and the mirror, but less 
than himself. And if he hold out his hand towards the 
mirror, the hand of his image will come out toward his hand, 
and he may imagine that he can shake hands with his image. 
But if he reach his hand further towards the mirror, the 
hand of the image will pass by his hand, and come bet wem 
his hand and his body ; and if he move his hand toward 
either side, the hand of the image will move in a contrary 
direction, so that if the object moves one way, the image 
will move the other. 

735. Heat produced by this mirror. The concave mirror 
having the property of converging the rays of light, is 

De cribi H,,. manti' r in wh'ch ;i tumbtt r wih Its contents may hi- madp <■■ ■ • m 
»» r (1 :i i''" ii ; r. Why 'I<m s ihc iiu:,-,' move in a contrary i! nil on from ;'.• i b- 
.V • ; whin tut Lbjtcl .fcbt>o.:il the print pal foes i ' 
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equally efficient in concentrating the rays of heat, either 
separately or with the light. When, therefore, such a mir- 
ror is presented to the rays of the sun, it brings them to a 
focus, so as to produce degrees of heat, in proportion to the 
extent and perfection of its reflecting surface. A metallic 
mirror of this kind, of only four or six inches in diameter, 
will fuse metals, set wood on fire, &c. 

736. Experiment with a hot ball. As the parallel rays of 
heat or light are brought to a focus at the distance of one 
quarter of the diameter of the sphere, of which the reflector 
is a section, so if a luminous or heated body be placed at this 
point, the rays from such body passing to the mirror will be 
reflected from all parts of its surface, in parallel lines ; and 
the rays so reflected by the same law, will be brought to a 
focus by another mirror standing opposite to this. 

Suppose a red hot ball to be placed in the principle focus 
of the mirror a, Fig. 182, the rays of heat and light proceed- 
ing from it will be reflected in the parallel lines 1, 2, 3, &c. 

Fig. 182. 




cr> 



Reflection of Heat. 



The reason of this is the same as that which causes parallel 
rays, when falling on the mirror, to be converged to a focus. 
The angles of incidence being equal to those of reflection, 
it makes no difference in this respect, whether the rays pass 



Will the concave mirror concentrate the rays of heat, as well as those ol light 1 
Suppose a luminous body be placed in the focus of a concave mirror in what di- 
rection will its rays be reflected 1 Explain Fig. 182, and show why the rays from 
the focus of a are concentrated in the focus 6. What curious experiments may be 
made by two concave mirrors placed opposite to each othei . 

20* 
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to or from the focus. In one case, parallel incident rajs 
from the sun, are concentrated by reflection; and in the 
other, incident diverging rays, from the heated ball, are made 
parallel by reflection. 

The rays, therefore, flowing from the hot ball to the mir- 
ror a, are thrown into parallel lines by reflection, and these 
reflected rays, in respect to the mirror b, become the rays of 
incidence, which are again brought to a focus by reflection. 

Thus the heat of the ball, by being placed in the focus of 
one mirror, is brought to a focus by the reflection of the other 
mirror. 

Several striking experiments may be made with a pair of 
concave mirrors placed facing each other, as in the figure. 
If a red hot ball be placed in the focus of a, and some gun- 
powder in the focus of b, the mirrors heing ten or twenty 
feet apart, according to their dimensions, the powder will 
flash by the heat of the ball, concentrated by the second 
mirror. To show that it is not the direct heat of the ball 
which sets fire to the powder, a paper screen may be placed 
between the mirrors until every thing is ready. The opera- 
tor will then only have to remove the screen in order to flash 
the powder. 

To show that heat and light are separate principles, place 
a piece of phosphorus in the focus of Z>, and when the ball 
is so cool as not to be luminous, remove the screen, and the 
phosphorus will instantly inflame. 

REFRACTION BY LENSES. 

737. A Lens is a transparent body, getter ally made of glass, 
and so shaped that the rays of light in passing through it are 
either collected together or dispersed. Lens is a Latin word, 
which comes from lentile, a small flat bean. 

It has ahead}' been shown, that when the rays of light 
pass from a rarer to a denser medium, they are refracted, or 
bent out of their former course, except when they happen to 
fall perpendicularly on the surface of the medium. (706.) 

The point where no refraction is produced on perpendicu- 
lar rays, is called the axis of the lens, which is a right line 
passing through its centre, and perpendicular to both its sur- 
faces. 

In every beam of light the middle ray is called its axis. 

How may it be 6hown that heat and light are distinct principles ? What is a lens I 
What is the axis of a lens 1 In what part of a lens is no refraction produced 1 
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Rays of light are said to fall directly upon a lens, when 
their axes coincide with the axes of the lens ; otherwise they 
are said to fall obliquely. 

The point at which the rays of the sun are collected, by 
passing through a lens, is called the principal focus of that 
lens. 

738. Lenses are of various kinds, and have received cer- 
tain names, depending on their shapes. The different kinds 
are shown at Fig. 183. 




Lenses of Various Forms. 

A prism, seen at a, has two plane surfaces, a r, and a s, 
inclined to each other. 

A plane glass, shown at b, has two plane surfaces, paral- 
lel to each other. 

A spherical lens, c, is a ball of glass, and has every part 
of its surface at an equal distance from the centre. 

A double-convex lens, d, is bounded by two convex surfaces, 
opposite to each other. 

A plano-convex lens, e, is bounded by a convex surface on 
one side, and a plane one on the other. 

A double-concave lens, f, is bounded by two concave spher- 
ical surfaces, opposite to each other. 

A plano-concave lens, g, is bounded by a plane surface on 
one side and a concave one on the other. 

A meniscus, h, is bounded by one concave, and one convex 
spherical surface, which two surfaces meet at the edge of 

the lens. , , , , 

A concavo-convex lens, i, is bounded by a concave and 

convex surface, but which diverge from each other, if con- 

m 739 The effects of the prism on the rays of light will be 
shown in another place. Therefr action of the plane glass 

Where is the axis^Tb^T^ ?£? mS*"*" "^ " ^ *** 
upon a lens 1 How many kinds of lenses are mentioned I 
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bend the parallel rajs of light equally towards the perpen- 
dicular, as already shown. The sphere is not often em- 
ployed as a lens, since it is inconvenient in use. 

CONVEX LENS. 

740. The effect of the convex lens, by increasing the visual 
angle, is to magnify all objects seen through it. 

741. Focal distance. The focal distances of convex len- 
ses, depend on their degrees of convexity. The focal dis- 
tance of a single, or plano-convex lens, is the diameter of a 
sphere, of which it is a section. 

If the whole circle, Fig. 184. 

Fig. 184, be consider- 
ed the circumference 
of a sphere, of which 
the plano-convex lens 

b, a, is a section, then 
the focus of parallel 
rays, or the principal 
focus, will be at the 
opposite side of the 
sphere, or at c. 

742. The focal dis- Piano Convex Lens. 

tance of a double con- 
vex lens, is the radius, or half the diameter of the sphere, 
of which it is a part. Hence the plano-convex lens, being 
one half of the double convex lens, the latter has twice 
the refractive power of the former ; for the rays suffer 
the same degree of refraction in passing out of the one con- 
vex surface, that they do in passing into the other. 

The shape of the 
double-convex lens, d Fig. 185. 

c, Fig. 185, is that of 



two plano-convex len- 
ses, placed with their 
plane surfaces in con- / 
tact, and consequently / 
the focal distance of [ 
this lens is nearly the \ 
centre of the sphere of 
which one of its sur- 
faces is a part. If 
parallel rays fall on a 

Convex lens, it is evi- Double Convex Lens. 
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dent that the ray only, which penetrates the axis and passes 
towards the centre of the sphere, will proceed without re- 
fraction, as shown in the above figures. All the others will 
be refracted so as to meet the perpendicular ray at a greater 
or less distance, depending on the convexity of the lens. 

743. If diverging rays fall on the surface of the same 
lens, they will, by refraction, be rendered less divergent, par- 
allel, or convergent, according to the degrees of their diver- 
gency, and the convexity of the surface of the lens. 

Thus, the di- 
verging rays 1, 2, Fig. 186. 
&c, Fig. 186, are 
refracted by the 
lens a o, in a de- 
gree just suffi- 
cient to render 
them parallel, and 
therefore, would 
pass off in right 
lines, indefinitely, 
or without ever O 

forming a foCUS. Diverging Rays. 

744. It is obvi- 
ous by the same law, that were the rays less divergent, or 
were the surface of the lens more convex, the rays in Fig. 
186 would become convergent, instead of parallel, because 
the same refractive power which would render divergent 
rays parallel, would make parallel rays convergent, and con- 
verging rays still more convergent. 

Thus the pencils of converging rays, Fig. 187, are ren- 
dered still more convergent by their passage through the 
lens, and are therefore brought to a focus nearer the lens, in 
proportion to their previous convergency. 

745 The eyeglasses of spectacles for old people are 
double-convex lenses, more or less sphencal, according to 
the age of the person, or the magnifying power required^ 

Burning Glass. The common burning glasses, which 
are used for lighting cigars, and sometimes for kindling fires, 
are also C onvgtoi8eB ; _J^jfectJs_ to concentrate to a 

the effect of the convex lens 7 On what ^do tne rocai ™» focal 

pend? What is the focal d.stance of any p'*f° c »"" *J e the dollble convex i ens ? 
distance of the double convex lens j \A I ^ ^^a convex lens? What is its 

K z d P »?^ s a ». b i , u p W £»«*« ra * s ' What kind of 

lenses are spectacle glasses for old people 7 
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focus, or point, the heat of the sun which falls on their 
whole surface ; and hence the intensity of their effects is in 
proportion to the extent of their surfaces, and their focal 
lengths. 



Fig. 187. 



Fig. 189. 





Converging Hays. 



Fig. 188. 




Visual Angle. 

746. Visual Angle. It has been explained, that the 
reason why the convex mirror diminishes the images of ob- 
jects is, that the rays which come to the eye from the ex- 
treme parts of the object are rendered less convergent by 
reflection, from the convex surface, and that in consequence, 
the angle of vision is made more acute. (726.) 

Now, the refractive power of the convex lens has exactly 
the contrary effect, since by converging the rays flowing 
from the extremities of an object, the visual angle is ren- 
dered more obtuse, and therefore all objects seen through it 
appear magnified. 

Suppose the object a, Fig. 188, appears to the naked eye 
ot the length represented in the drawing. Now, as the 
rays coming from each end of the object, form by their con- 
vergence at the eye, the visual angle, or the angle under 
which the object is seen, and we call objects large or small 
in proportion as this ang le is obtuse or acute, if, therefore, 

What is the visual angle ? Why does the same object, when at a distance a DD ear 
smaller than when near > What is the effect of the convex ens on *th Visual angle! 
Why does an object appear larger through the convex lens than other Jtae* 
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the object a be withdrawn further from the eye, it is apparent 
that the rays o, o, proceeding from, its extremities, will enter 
the eye under a more acute angle, and therefore that the ob- 
ject will appear diminished in proportion. This is the rea- 
son why things at a distance appear smaller than when 
near us. When near, the visual angle is increased, and 
when at a distance it is diminished. 

747. The effect of the convex lens is to increase the vis- 
ual angle, by bending the rays of light coming from the ob- 
ject, so as to make them meet at the eye more obtusely ; and 
hence it has the same effect, in respect to the visual angle, 
as bringing the object nearer the eye. This is shown by 
Fig. 189, where it is obvious, that did the rays flowing from 
the extremities of the arrow meet the eye without refraction, 
the visual angle would be less, and therefore the object 
would appear shorter. Another effect of the convex lens, is 
to enable us to see objects nearer the eye than without it, as 
will be explained under the article Vision. 

Now, as the rays of light flow from all parts of a visible 
object of whatever shape, so the breadth, as well as the 
length, is increased by the convex lens, and thus the whole 
object appears magnified. 

748. Concave Lens. The effect of the concave lens is di- 
rectly opposite to that of the convex. In other terms, by a 
concave lens, parallel rays are rendered diverging, converg- 
ing rays have their converency diminished, and diverging 
rays have their divergency increased, according to the con- 
cavity or the lens. 

These glasses, therefore, exhibit things smaller than they 
really are, for by diminishing the convergence of the rays 
coming from the extreme points of an object, the visual an- 
gle is rendered more acute, and hence the object appears di- 
minished by this lens, for the opposite reason, that it is in- 
creased by the convex lens. This will be made plain by the 
two following diagrams. 

Suppose the object a, b, Fig. 190, to be placed at such a 
distance from the eye, as to give the rays flowing from it, 
the degrees of convergence represented in the figure, and 
suppose that the rays enter the eye under such an angle as 
to make the object appear two feet in length. 

Now, the length of the same object, seen through the 

What is the effect of the concave lens 7 What effect doe. , th« ^,£™ "j™ 
parallel, diverging and converging rays ? Why do objects appear smaller tnrougu 
this glass than they do to the naked eye ? 
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Fig. 190. 



Fie. 191. 





Piano Concave Lens. 



Natural Vision. 



concave lens, Fig. 191, will appear diminished, because the 
rays coming from it are bent outwards, or made less con- 
vergent by refraction, as seen in the figure, and consequently 
the visual angle is more acute than when the same object 
is seen by the naked eye. Its length, therefore, will appear 
less in proportion as the rays are rendered less convergent. 

The spectacle glasses of short-sighted people are concave 
lenses, by which the images of objects are formed further 
back in the eye than otherwise, as will be explained under 
the next article. 



749. In the application of the principles of optics to the 
explanation of natural phenomena, it is necessary to give a 
description of the most perfect of all optical instruments, the 
eye. 

750. Fig. 192 is a Fig. 192. 
vertical section of the 
human eye. Its form 
is nearly globular, 
with a slight projec- 
tion or elongation in 
front. It consists of 
four coats, or mem- 
branes ; namely, the 
sclerotic, the cornea, 
the choroid, and the 
retina. It has two 
fluids confined within 
these membranes, cal- 

Explain Fig's. 190 and 191, and show the reason why the same object appears 
smaller through 191 What defect in the eye requires concave lenses 1 What is 
the most perfect of all optical instruments 1 ' What is the form of the human eye 1 
How many coats or membranes has the eye 1 
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led the aqueous, and the vitreous humors, and one lens, cal- 
led the crystalinc. The sclerotic coat is the outer and 
strongest membrane, and its anterior part is well known as 
the white of the eye. This coat is marked in the figure a, 
a, a, a. It is joined to the cornea b, b, which is the transpa- 
rent membrane in front of the eye, through which we 
see. The choroid coat is a thin, delicate membrane, which 
lines the sclerotic coat on the inside. On the inside of this 
lies the retina, d, d, d, d, which is the innermost coat of all, 
and is an expansion, or continuation of the optic nerve o. 
This expansion of the optic nerve is the immediate seat of 
vision. The iris, o, o, is seen through the cornea, and is a 
thin membrane, or curtain of different colors in different per- 
sons, and therefore gives color to the eyes. In black-eyed 
persons it is black, in blue-eyed persons it is blue, &c. 
Through the iris, is a circular opening, called the pupil, which 
expands or enlarges when the light is faint, and contracts 
when it. is too strong. The space between the iris and the 
cornea is called the anterior chamber of the eye, and is filled 
with the aqueous humor, so called from its resemblance to 
water. Behind the pupil and iris is situated the crystaline 
Ions c, which is a firm and perfectly transparent body, 
through which the rays of light pass from the pupil to the 
retina. Behind the lens is situated the posterior chamber of 
the eye, which is filled with the vitreous humor, v, v. This 
humor occupies much the largest portion of the whole 
eye, and on it depends the shape and permanency of the 
orgam/ 

7oi. From the above description of the eye, it will be 
easy to trace the progress of the rays of light through its 
several parts, and to explain in what manner vision is per- 
formed. 

In doing this, we must keep in mind that the rays of light 
proceed from every part and point of a visible object, as here- 
tofore stated, and that it is necessary only for a few of the 
rays, when compared with the whole number, to enter the 
eye, in order to make the object visible. 

Thus, the object a, b, Fig. 193, being placed in the light, 
sends forth pencils of rays in all possible directions, some 
of which will strike the eve in any position where it is visible. 



What are thrv called ? How many fluids has the eye, and what are they called 1 
wJaUs the leif. of the eye called? What coat forms thewh.t .of theeye 1 O^ 
Bcribe where the several coats and humors are situated. What is the ins 1 What 
le the retina ? Where is the sense of vision I 

21 
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These pencils of rays not 

only flow from the points Fig. 193. 

designated in the figure, 
but in the same manner 
from every other point on 
the surface of a visible 
object. To render an ob- 
ject visible, therefore, it 
is only necessary that the 
eye should collect and 
concentrate a sufficient 
number of these rays on 
the retina, to form its 
image there, and from 
this image the sensa- 
tion of vision is excited. 
752. From the lumi- 
nous body /, Fig. 194, the 
pencils of rays flow in 

all directions, but it is Pencils of Rays. 

only by those which 

enter the pupil, that we gain any knowledge of its existence ; 
and even these would convey to the mind no distinct idea of 
the object, unless they were refracted by the humors of the 
eye, for did these rays proceed in their natural state of 
divergence to the retina, the image there formed would be 
too extensive, and consequently too feeble to give a distinct 
sensation of the object. 





Refraction by the Eye. 



It is, therefore, by the refracting power of the aqueous 
humor, and of the crystaline lens, that the pencils of rays 

What is the design of Fig. 193 ? What is said concerning the small number of 
the rays which enter the eye from a visible object 1 Explain the design of Fig. 194 7 
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are so concentrated as to form a perfect picture of the object 
on the retina. 

Inverted Image on the Retina. — We have already seen, that 
when the rajs of light are made to cross each other by re- 
flection from the concave mirror, the image of the object is 
inverted ; the same happens when the rays are made to cross 
each other by refraction through a convex lens. This, in- 
deed, must be a necessary consequence of the intersection of 
the rays ; for as light proceeds in straight lines, those rays 
which come from the lower part of an object, on crossing 
those which come from its upper part, will represent this part 
of the picture on the upper half of the retina, and, for the 
same reason, the upper part of the object will be painted on 
the lower part of the retina. 

753. Now, all objects are represented on the retina in an 
inverted position ; that is, what we call the upper end of a 
vertical object, is the lower end of its picture on the retina, 
and so the contrary. 

Eye of an Ox. — This is readily proved by taking the eye 
of an ox, and cutting away the sclerotic coat, so as to make 
it transparent on the back part, next the vitreous humor. 
If now a piece of white paper be placed on this part of the 
eye, the images of objects will appear figured on the paper 
in an inverted position. The same effect will be produced on 
looking at things through an eye thus prepared ; they will 
appear inverted. 

The actual position of the vertical object a. Fig. 195, as 
painted on the retina, is therefore such as is represented 
by the figure. 

The rays from Fig. 195. 

its upper ex- 
tremity, com- 
ing in diverg- 
ent lines, are 
converged by 
the crystaline 
lens, and fall 
on the retina 

at O ; while Inversion of Objects. 

those from its 




Why would not .he rays of ,i g ht give , . distinct idea of th< |0*ee. ;«, ration 

£«nrth^ 

the retinal Explain Fig. 195- 
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lower extremity, by the same law, fall on the retina at c, the 
rays crossing each other as they pass the humors of the eye. 

754. In order that vision may be perfect, it is necessary 
that the images of objects should be formed precisely on the 
retina, and consequently, if the refractive power of the eye 
be too small, or too great, the image will not fall exactly on 
the seat of vision, but will be formed either before, or tend to 
form behind it. In both cases, perhaps, an outline of the 
object may be visible, but it will be confused and indistinct. 

755. Cornea too prominent — If the cornea is too convex, 
or prominent, the image will be formed before it reaches the 
retina, for the same reason, that of two lenses, that which is 
most convex will have the least focal distance. Such is the 
defect in the eyes of persons who are short-sighted, and 
hence the necessity of their bringing objects as near the eye 
as possible, so as to make the rays converge at the greatest 
distance behind the crystaline lens. 

The effect of uncommon convexity in the cornea on the 
rays of light, is shown at Fig. 196, where it will be observed 

Fig. 196. 




Cornea too Convex. 



that the image, instead of being formed on the retina r, is 
suspended in the vitreous humor, in consequence of there 
being too great a refractive power in the eye. It is hardly 
necessary to say, that in this case, vision must be very im- 
perfectly performed. 

This defect of sight is remedied by spectacles, the glasses 
of which are concave lenses. Such glasses, by rendering 
the rays of light less convergent, before they reach the eye, 

Suppose the refractive power of the eye is too great, or too little, why will vision 
be imperfect 1 If the cornea is too convex, where will the image be formed 7 How 
is the sight improved, when the cornea is too convex ? How do such lenses act to 
improve the sight ? 
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counteract the too great convergent power of the cornea and 
lens, and thus throw the image on the retina. 

756. Cornea too flat. — If, on the contrary, the humors of 
the eye, in consequence of age, or any other cause, have 
become less in quantity than ordinary, the eyeball will not 
be sufficiently distended, and the cornea will become too flat, 
or not sufficiently convex, to make the rays of light meet at 
the proper place, and the image will therefore tend to be 
formed beyond the retina, instead of before it, as in the other 
case. Hence, aged people, who labor under this defect of 
vision, cannot see distinctly at ordinary distances, but are 
obliged to remove the object as far from the eye as possible, 
so as to make its refractive power bring the image within the 
seat of vision. 

The defect arising from this cause is represented by Fig. 
197 where it will be observed that the image is formed 

Fie. 197. 




Cornea too Flat. 



behind the retina, showing that the convexity of the cornea 
is not sufficient to bring the image within the seat of distinct 
vision This imperfection of sight is common to aged per- 
sons, and is corrected in a greater or less degree by double 
convex lenses, such as the common spectacle glasses. Such 
Masses, by causing the rays of light to converge, before they 
meet the eye, assist the refractive power of the crystahne 
lens, and thus bring the focus, or image, within the sphere 

° 757° n Whv we see objects erect— It has been considered 
difficult to account f or the reason why we see objects erect . 

Where do the rays tend to meet when the -ornea is not sufficient^ = x1 ^ Hgjr 
iS/StfffSSR W^?riS y ^wl^ tne image* are inverted 
on the retina ] _ . # 
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when they are painted on the retina inverted, and many 
learned theories have been written to explain this fact. But 
it is most probable that this is owing to habit, and that the 
image, at the bottom of the eye, has no relation to the terms 
above and below, but to the position of our bodies, and other 
things which surround us. The term perpendicular, And the 
idea which it conveys to the mind, is merely relative ; but 
when applied to an object supported by the earth, and ex- 
tending towards the skies, we call the body erect, because it 
coincides with the position of our own bodies, and we see it 
erect for the same reason. Had we been taught to read by 
turning our books upside down, what we now call the upper 
part of the book would have been its under part, and that 
reading would have been as easy in that position as in any 
other, is plain from the fact that printers read their types, 
when set up, as readily as they do its impressions on paper. 

ANGLE OF VISION. 

758. The angle under which the rays of light, coming 
from the extremities of an object, cross each other at the 
eye, bears a proportion directly to the length, and inversely to 
the distance of the object. 



Fig. 198. 




Angle of Vision. 



Suppose the object a b, Fig. 198, to be four feet long, and 
to be placed ten feet from the eye, then the rays flowing from 
its extremities, would intersect each other at the eye, under 
a given angle, which will always be the same when the 

What is the visual angle 7 How may the visual angle of the same objrct be in- 
creased or diminished 1 When do objects of different magnitudes form the same 
visual angle 1 Explain Fig. 198. 
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object is at the same distance, If the object be gradually 
moved towards the eye, to the place c d, then the angle will 
be gradually increased in quantity, and the object will 
appear larger, since its image on the retina will be increased 
in length in the proportion as the lines i i are wider apart 
than o o. On the contrary, were a b removed to a greater 
distance from the first position, it is obvious that the angle 
would be diminished in proportion. 

The lines thus proceeding from the extremities of an 
object, and representing the rays of light, form an angle at 
the eye, which is called the visual angle, or the angle under 
which things are seen. The lines a n b, therefore, form 
one visual angle, and the lines c n d another visual angle. 

We see from this investigation, that the apparent magni- 
tude of objects depending on the angles of vision, will vary 
according to their distances from the eye, and that these 
magnitudes diminish in a proportion inversely as their dis- 
tances increase. We learn, also, from the same principles, 
that objects of different magnitudes may be so placed, with 
respect to the eye, as to give the same visual angle, and 
thus to make their apparent magnitudes equal. Thus the 
three arrows a, e, and m, though differing so much in length 
are all seen under the same visual angle. 

759. How we judge of Magnitudes. — In the apparent 
magnitude of objects seen through a lens, or when their 
images reach the eye by reflection from a mirror, our senses 
are chiefly, if not entirely, guided by the angle of vision. In 
forming our judgment of the sizes of distant objects, whose 
magnitudes were before unknown, we are also guided more 
or less by the visual angle, though in this case we do not 
depend entirely on the sense of vision. Thus, if we see two 
balloons floating in the air, one of which is larger than the 
other, we judge of their comparative magnitudes by the dif- 
ference in their visual angle, and of their real magnitudes by 
the same angles, and the distance we suppose them to be 
from us. 

But when the object is near us, and seen with the naked 
eye, we then judge of the magnitude by our experience, and 
not entirely by the visual angle. Thus, the three arrows, a, 
e, m. Fig. 198, all of them make the same angle on the eye, 
and yet we know, by further examinati on, that they are al l 

Dilder what circumstances is our sense of vision guided 1 entity by the ^isual 
i, ,u do « e judge of the magnitudes ol distant objtcls . llo%\ ao wejuuge 
of objects near us 1 
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of different lengths. And so the two arrows, a b, and c J, 
though seen under different visual angles, will appear of the 
same size, because experience has taught us that this differ- 
ence depends only on the comparative distance of the two 
objects. 

760. As the visual angle diminishes inversely in propor- 
tion as the distance of the object increases, so when the dis- 
tance is so great as to make the angle too minute to be per- 
ceptible to the eye, then the object becomes invisible. Thus, 
when we watch an eagle flying from us, the angle of vision 
is gradually diminished, until the rays proceeding from the 
bird form an image on the retina too small to excite sensa- 
tion, and then we say the eagle has flown out of sight. 

The same principle holds with respect to objects which 
are near the eye, but are too small to form an image on the 
retina which is perceptible to the senses. Such objects to 
the naked eye, are of course invisible, but when the visual 
angle is enlarged, by means of the convex lens, they become 
visible; that is, their images on the retina excite sensation. 

761. Size of the Image on the Retina. — -The actual size 
of an image on the retina, capable of exciting sensation, and 
consequently of producing vision, may be too small for us to 
appreciate by any of our other senses ; for when we consider 
how much smaller the image must be than the object, and 
that a human hair can be distinguished by the naked eye at 
the distance of twenty or thirty feet, we must suppose that 
the retina is endowed with the most delicate sensibility, to be 
excited by a cause so minute. It has been estimated that 
the image of a man, on the retina, seen at the distance of a 
mile, is not more than the five thousandth part of an inch in 
length. 

762. Indistinct Vision. — On the contrary, if the object be 
brought too near the eye, its image becomes confused and 
indistinct, because the rays flowing from it, fall on the crys- 
taline lens in a state too divergent to be refracted to a focus 
on the retina. 

This will be apparent by Fig. 199, where we suppose 
that the object a, is brought within an inch or two of the 
eye, and that the rays proceeding from it enter the pupil so 
oblicmely as not to be refracted by the lens, so as to form 
a distinct image. 

When does a retreating object become invisible to the eye ? How does a convex 
lens act to make ns see objects which are invisible without it ? What is said of the 
actual size of an i mates on the retina J Why are chjicls indistinct, when brought too 
tie eye ? 
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Indistinct Vision. 



Could we see objects 
distinctly at the shortest 
distance, we should be 
able to examine things 
that are now invisible, 
since the visual angle 
would then be increased, 
and consequently the im- 
age on the retina en- 
larged, in proportion as 
objects were brought 
near the eye. 

This is proved by intercepting the most divergent rays ; 
in which case an object may be brought near the eye, and 
will then appear greatly magnified. Make a small orifice, 
as a pin-hole, through a piece of dark-colored paper, and 
then look through the orifice at small objects, such as the 
letters of a printed book. The letters will appear much 
magnified. The rays, in this case, are refracted to a focus, 
on the retina, because the small orifice prevents those which 
are most divergent from entering the eye, so that notwith- 
standing the nearness of the object, the rays which form the 
image are nearly parallel. 



OPTICAL INSTRUMENTS. 



763. Single Microscope. — The principle of the single 
microscope, or convex lens, will be readily understood, if the 
pupil will remember what has been said on the refraction of 
lenses, in connection with the facts just stated. For, the 
reason why objects appear magnified through a convex lens, 
is nor only because the visual angle is increased, but because 

Fis. 200. 




Single Microscope. 



Suppose objects could be seen distinctly within an inch or two of the eye, how 
wouH their dimensions be affected 7 How is it proved that objects placed near the 
eye are magnified 7 How does a small orifice enable us to see an object distinctly 
near the eye 7 
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when brought near the eye, the diverging rajs from the ob- 
ject are rendered parallel by the lens, and are thus thrown 
into a condition to be brought to a focus in the proper place, 
by the humors. 

Let a, Fig. 200, be the distance at which an object can 
be seen distinctly, and 5, the distance at which the same ob- 
ject is seen through the lens, and suppose the distance of a 
from the eye, be twice that of b. Then, because the object 
is at half the distance that it was before, it will appear twice 
as large ; and had it been seen one-third, one-fourth, or one- 
tenth its former distance, it would have been magnified three, 
four, or ten times, and consequently its surface would be in- 
creased 9, 16, or 100 times. 

764. The most powerful single microscopes are made of 
minute globules of glass, which are formed by melting the 
ends of a few threads of spun glass in a flame of alcohol. 
Small globules of water placed in an orifice through a piece 
of tin, or other thin substance, will also make very powerful 
microscopes. In these minute lenses, the focal distance is 
only a tenth or twelfth part of an inch from the lens, and 
therefore the eye, as well as the object to be magnified, must 
be brought very near the instrument. 

765. Compound Microscope. — This consists of two con- 
vex lenses, by one of which the image is formed within the 
tube of the instrument, and by the other this image is mag- 
nified as seen by the eye ; so that by this instrument the 
object itself is not seen, as with the single microscope, but 
we see only its magnified image. 




mjound Microsco, 



The small lens placed near the object, and by which its 
image is formed within the tube, is called the object glass, 
while the larger one, through which the image is seen, is 
called the eyeglass. 
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This arrangement is represented at Fig. 201. The object 
a is placed a little beyond the focus of the object glass b, by 
which an inverted and enlarged image of it is formed within 
the instrument at c. This image is seen through the eye- 
glass d, by which it is again magnified, and it is at last 
fio-ured on the retina in its original position. 

These glasses are set in a case of brass, the object glass 
being made to take out, so that others of different magnify- 
ing powers may be used, as occasion requires. 

766. Solar Microscope. — This consists of two lenses, 
one of which is called the condenser, because it is employed 
to concentrate the rays of the sun, in order to illuminate more 
strongly the object to be magnified. The other is a double 
convex lens, of considerable magnifying power, by which 
the image is formed. In addition to these lenses, there is a 
plain mirror, or piece of common looking-glass, which can 
be moved in any direction, and which reflects the rays of the 
sun on the condenser. 

The object a, Fig. 202, being placed nearly in the focus of 
the condenser 6, is strongly illuminated, in consequence of 



Fig. 202 




Sular Microscope. 

the ra vs of the sun being thrown on 6, by the mirror c. The 
object* is not placed exactly in the focus of the condenser, be- 
aause, in most cases, it would be soon destroyed by its heat, 
and because the focal point would illuminate only a small 
extent of surface, but may be exactly in the focus oi the 
small lens d, by which no such accident can happen. I he 

Why does a convex lens make an object disti net. when near the eye 1 E^jjn 
fig. 201. How are the most powerful sm?le micro scopes mad. 1^ ^ y 
lenses form the compound microscope 1 Which is trie ooje , Exp i ain Fig. 

glass 1 Is the object' seen with this lutrnmen ""^g^g^ taSi has life 
202, and show where the image ^formed in ,,, f -;, "° p ) ;.."? w roBCO pe called the con- 
■oSr microscope ! Why is one of the enses of th e so term cr oscope 
r ? Describe the uses of the two lenses and the i ellectoi . 
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lines o o, represent the incident rays of the sun, which are 
reflected on the condenser. 

When the solar microscope is used, the room is darkened, 
the only light admitted being that which is thrown on the' 
object by the condenser, which light passing through the 
small lens, gives the magnified shadow e, of the small ob- 
ject, a, on the wall of the room, or on a screen. The tube 
containing the two lenses is passed through the window of 
the room, the reflector remaining outside. 

In the ordinary use of this instrument, the object itself is 
not seen, but only its shadow on the screen, and it is not de- 
signed for the examination of opaque objects. 

767. When the small lens of the solar microscope is of 
great magnifying power, it presents some of the most striking 
and curious of optical phenomena. The shadows of mites 
from cheese, or figs, appear nearly two feet in length, pre- 
senting an appearance exceedingly formidable and disgust- 
ing ; and the insects from common vinegar appear eight or 
ten feet long, and in perpetual motion, resembling so many 
huge serpents. 



768. The Telescope is an optical instrument, employed to 
view distant bodies, and, in effect, to bring them nearer the eye, 
by increasing the apparent angles under which suck objects are 
seen. 

These instruments are of two kinds, namely, refracting 
and reflecting telescope. In the first kind, the image of the 
object is seen with the eye directed towards it ; in the second 
kind, the image is seen by reflection from a mirror, while the 
back is towards the object, or by a double reflection, with 
tne face towards the object. 

The telescope is the most important of all optical instru- 
ments, since it unfolds the wonders of other worlds, and 
gives us the means of calculating the distances of the heav- 
enly bodies, and of explaining their phenomena for astrono- 
mical and nautical purposes. 

The principle of the telescope will be readily comprehend- 
ed after what has been said concerning the compound micro- 
scope, for the two instruments differ chiefly in respect to the 
place of the object lens, that of the microscope having a 

Is the object, or only the shadow, seen by this instrument ? What is a telescope I 
How mi / kinds of teles >>pes arc mentioned] What is thr difference between 
ihem ! 
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short, while that of the telescope has a long, focal dis- 
tance. 

769. Refracting Telescope.— The most simple refract- 
ing telescope consists of a tube, containing two convex lenses 
the one having a long, and the other a short, focal distance.' 
(The focal distance of a double convex lens, it will be re- 
membered, is nearly the centre of the sphere, of which it is 
a part. 741.) These two lenses are placed in the tube, at a 
distance from each other equal to the sums of their two focal 
distances. 

Fig. 203. 




Principle of the Telescope. 

Thus, if the focus of the object glass, a, Fig. 203, be eight 
inches, and that of the eyeglass b, two inches, then the dis- 
tance of the sums of the foci will be ten inches, and, there- 
fore, the two lenses must be placed ten inches apart ; and 
the same rule is observed, whatever may be the focal lengths 
of any two lenses. 

Now, to understand the effect of this arrangement, sup- 
pose the rays of light, c d, coming from a distant object, as 
a star, to fall on the object glass, a, in parallel lines, and to 
be refracted by the lens to a focus at e, where the image of 
the star will be represented. The image is then magnified 
by the eyeglass b, and thus, in effect, is brought near the eye. 

770. All that is effected by the telescope, therefore, is to 
form an image of a distant object, by means of the object 
lens, and then to assist the eye in viewing this image as 
nearly as possible by the eye lens. 

It is, however, necessary here to state, that by the last 
figure, the principle only of the telescope is intended to be 
explained, for in the common instrument, with only two 
glasses, the image appears to the eye inverted. 

The reason of this will be seen by the next figure, where 

[nwhat respect does the refracting telescope differ from the compound micro- 
scope I How is the most simple refracting telt^cope formed 1 Winch is the object, 
and which (he eye lens, in Fig. 203 ! What is the rule by which the distance of the 
two glasses apart is found? How do the two glasses act, to bring an object near 
the eye 7 

22 
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Principle iif the Telescope. 

the direction of the rays of light will show the position of 
the image. 

Suppose a, Fig. 204, to be a distinct object, from which 
pencils of rays flow from every point toward the object lens 
b. The image of a, in consequence of the refraction of the 
rays by the object lens, is inverted at c, which is the focus 
of the eyeglass d : and through which the image is then 
seen, still inverted. 

771. The inversion of the object is of little consequence 
when the instrument is employed for astronomical purposes, 
for since the forms of the heavenly bodies are spherical, 
their positions, in this respect, do not affect their general ap- 
pearance. But for terrestrial purposes, this is manifestly a 
great defect, and therefore those constructed for such pur- 
poses, as ship, or spyglasses, have two additional lenses, by 
means of which, the images are made to appear in the same 
position as the objects. These are called double telescopes. 




Refracting Telescope. 



Such a telescope is represented at Fig. 205, and consists 
of an object glass a, and three eyeglasses, b, c, and d. 
The eyeglasses are placed at equal distances from each 
other, so that the focus of one may meet that of the other, 



Explain Fig 204, and show how the object comes to be inverted by the two len- 
ses. How is the inversion of the object corrected? Explain Fig. 205, and show 
why the two additional lenses make the image of the object erect 
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and thus the image formed by the object lens, will be trans- 
mitted through the other three lenses to the eye. The rays 
coming from the object o, cross each other at the focus of 
the object lens, and thus form an inverted image at/ This 
image being also in the focus of the first eyeglass, b, the rays 
having passed through this glass become parallel, for we 
have seen in another place, that diverging rays are rendered 
parallel by refraction through a convex lens. The rays, 
therefore, pass parallel to the next lens c, by which they 
are made to converge, and cross each other, and thus the 
image is inverted, and made to assume the original position 
of the object o. Lastly, this image, being in the focus of 
the eyeglass d, is seen in the natural position. 

The apparent magnitude of the object is not changed by 
these two additional glasses, but depends, as in Fig. 203, on 
the magnifying power of the eye and object lenses; these two 
glasses being added merely for the purpose of making the 
image appear erect. 

It is found that an eyeglass of very high magnifying 
power cannot be employed in the refracting telescope* be- 
cause it disperses the rays of light, so that the image be- 
comes indistinct. Many experiments were formerly made 
with a view to obviate this difficulty, and among these it 
was found that increasing the focal distance of the object 
lens, was the most efficacious. But this was attended with 
great inconvenience and expense, on account of the length 
of the tube which this mode required. These experiments' 
were, however, discontinued, and the refracting telescope it- 
self chiefly laid aside for astronomical purposes, in conse- 
quence of the discovery of the reflecting telescope. 

772. Reflecting Telescope. The common reflecting 
telescope consists of a large tube, containing two concave 
reflecting mirrors, of different sizes, and two eyeglasses. 
The object is first reflected from the large mirror to the 
small one, and from the small one, through the two eye- 
glasses, where it is then seen. 

773. In comparing the advantages of the two instru- 
ments, it need only be stated, that the refracting telescope 
with a focal length of a thousand feet, if it could be used 
would not magnify distinctly more than a thousand times 

Does llie addition ofthese two lenses make any difference with the apparent mag- 
nitude of the object ! Why cannot a highly magnifying eyeglass be used in thi3 
lelescope ? What is the most efficacious means of increasing the power of the re- 
fracting telescope ? Mow manv lenses and mirrors form the rellecting telescope? 
What are the advantages of the reflecting over the refracting telescope J 
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Fie. 206. 
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Reflecting Telesc")' 

while a reflecting telescope, only eight or nine feet long, will 
magnify with distinctness twelve hundred times. 

774. The principle and construction of the reflecting tel- 
escope will be understood by Fig. 206. Suppose the object 
o to be at such a distance, that the rays of light from it pass 
in parallel lines, p, p. to the great reflector r, r. This reflec- 
tor being concave, the rays are converged by reflection, and 
cross each other at a, by which the image is inverted. The 
rays then pass to the small mirror, 6, which being also con- 
cave, they are thrown back in nearly parallel lines, and hav- 
ing passed the aperture in the centre of the great mirror, fail 
on the plano-convex lens e. By this lens they are refracted 
to a focus, and cross each other between e and d, and thus 
the image is again inverted, and brought to its original po- 
sition, or in the position of the object. The rays then pass- 
ing the second eyeglass, form the image of the object on 
the retina. 

The large mirror in this instrument is fixed", but the small 
one moves backward and forwards, by means of a screw, so 
as to adjust the image to the eyes of different persons. Both 
mirrors are made of a composition, consisting of several 
metals melted together. 

77 5. One great advantage which the reflecting telescope 
possesses over the refracting, appears to be, that it admits of 
an eyeglass of shorter focal distance, and, consequently, of 
greater magnifying power. The convex object glass of the 
refracting instrument, does not form a perfect image of the 
object, since some of the rays are dispersed, and others col- 
ored by refraction. This difficulty does not occur in the re- 
flected image from the metallic mirror of the reflecting tele- 



Explain Fig. 206, and show the course of the rays from ihe object to the eve. 
Why is the small mirror in Ihis instrument made to move by means of a sen w ! 
What is the advantage of the reflecting telescope in respect to the eyeglass ) Why 
is the telescope with two reflectors called Gregory's telescope ! 
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scope, and consequently it may be distinctly seen, when more 
highly magnified. 

The instrument just described is called " Gregory's tele- 
scope" because some parts of the arrangement were invented 
by Dr. Gregory. 

776. In the telescope made by Dr. Herschel, the object is 
reflected by a mirror, as in that of Dr. Gregory. But the 
second, or small reflector, is not employed, the image being 
seen through a convex lens, placed so as to magnify the 
image of the large mirror, so that the observer stands with 
his back towards the object. 

The magnifying power of this instrument is the same as 
that of Dr. Gregory's, but the image appears brighter, be- 
cause there is no second reflection ; for every reflection ren- 
ders the image fainter, since no mirror is so perfect as to 
throw back all the rays which fall upon its surface. 

777. In Dr. Herschel's grand telescope the largest then 
constructed, the reflector was 48 inches in diameter, and 
had a focal distance of 40 feet. This reflector was three 
ami a half inches thick, and weighed 2000 pounds. 
Now since the focus of a concave mirror is at the distance 
of one-half the semi-diameter of the sphere, of which it is 
a section, Dr. Herschel's reflector having a focal distance of 
40 feet, formed a part of a sphere of 160 feet in diameter. 

This great instrument was begun in 1785, and finished 
four years afterwards. The frame by which this wonder to 
all astronomers was supported, having decayed, it was ta- 
ken down in 1822, and another of 20 feet focus, with a re- 
flector of 18 inches in diameter, erected in its place, by 
Herschel's son. 

The largest Herschel's telescope now in existence is that 
of Greenwich observatory, in England. This has a con- 
cave reflector of 15 inches in diameter, with a focal length 
of 25 fe^t, and was erected in 1820. 

778. Lord Rosse's Telescope. Dr. Herschel's telescope 
was the largest ever constructed until recently, when a 
young nobleman of fortune in Ireland, Lord Rosse, being led 
by an inventive genius, and having, it appears, a degree of 
enterprise not to be deterred by difficulties, projected the plan 

How does this instrument differ from Dr. Herschel's ; telescope 1 What was the 
focal distance and diameter of the mirror in Dr. Herschel's great telescope 1 W ere 
lathe lareesl Herschel's telescope now in existence ' What is the diameter and fo- 
cal distance of the reflector of thi I h cope! Who constructed the largest tel» 
scope in the world ' 
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of building a telescope of a size and power hitherto un- 
known in the world. 

The following account of the " Monster Telescope," as it 
has been called, is taken from that of Thomas Dick, L.L. D., 
contained in his works. 

It appears that the possibility of casting a speculum, or 
reflector for a telescope of six feet in diameter, was enter- 
tained by his lordship in 1840, though others considered 
such an undertaking in the light of a chimera. But the 
trial being made through the perseverance and large expen- 
ditures of the projector, complete success crowned the exper- 
iment, a nearly perfect casting of a speculum 72 inches in 
diameter being the result. Thus the difficulty of construct- 
ing an instrument one-third larger than Herschel's, was at 
once surmounted/' 

779. Composition and casting. The composition of this 
speculum is copper and tin united very nearly in their atomic 
proportions, namely: copper 126.4, to tin 58.9 parts. A 
foundry was constructed expressly for this great casting, 
the chimney of which was 18 feet high, and 16-^ feet 
square at the foundation. The crucibles for containing the 
fused alloy were of cast iron, 2 feet in diameter, and 2-£ feet 
deep. Iron baskets, suspended by cranes, were so contrived 
as to receive the crucibles and their melted contents, and 
swing them to the mould into which, one after the other, 
they were poured. The mould, 6 feet in diameter and 5£ 
inches deep, was arranged in an exact horizontal position 
by means of spirit levels. The crucibles were 10 hours in 
the furnace before the metal was sufficiently fluid to cast. 
The speculum weighed 3 tons — lost one eighth of an inch 
in thickness by grinding. 

Grinding. The grinding was conducted under water, 
the moving power being a steam-engine of 3 horse power. 
The grinder is of cast iron with grooves in its face to retain 
the emery, and the two faces having a mutual motion, both 
became perfect, whatever might have been their inequalities. 
The polishing was done by means of a thin layer of pitch 
spread on the grinder, on which rouge was smeared in the 
form of paste with water. This process took six hours. 

780. Construction of the tube. The tube is 56 feet long, 
made of boards and hooped with iron. On the inside at in- 

What is the size of the speculum 1 What is its composition 1 How much larger 
is this instrument than Herschel's 1 
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tervals of 8 feet, are iron rings to support the boards. Its 
diameter is 7 feet, the whole being easily moved in any di- 
rection by means of pulleys and levers, a universal joint at 
the lower end being designed for this purpose. 

781. Wall of support. At a distance of 12 feet, on each 
side of the instrument is a brick wall, 72 feet long, 48 high 
on the outside, and 56 on the inside, ranging exactly on the 
meridianal line. These walls have rods of iron and wood 
passing from one to the other, for the support of the tele- 
scope, as it is turned in different directions. 

The weight of the speculum and tube, including that of 
the bed on which it is sustained, weigh about 15 tons. 

782. This being a reflecting telescope, the observer stands 
m a gallery at the upper end, and looks into the side of the 
great tube, where the observations are made by means of a 
reflecting surface of 4,07 1 square inches, while HerschcPs 
great reflector had a surface of only 1,811 square inches. 

The cost of this wonder of the age is 60,000 dollars. 



Fig. 207. 




Lord Iiosse's Telescope. 

783. Description of the figure. The following description 
of a section of Lord Rosse's telescope, Fig. 207, though not 
so perfect as could be desired, is the best we could obtain. 
It exhibits a view of the inside of the eastern wall with the 
tube, and machinery by which it is moved. A is the mason- 
work on the ground ; B the universal joint, which allows 
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the tube to turn in all directions ; C the speculum in the 
tube ; E the eye-piece through which the observer looks ; 
F a pulley by which the tube is moved ; H a chain attached 
to the pulley, and to the side of the tube ; I, a chain running 
to K, the counterpoise; L a lever connecting the chain M 
with the tube ; Z another chain which passes from the up- 
per part of the tube over a pulley at W, (not seen) and 
crosses to the opposite wall ; X a railroad on which the 
speculum is drawn either to or from the tube. The dot- 
ted line H, shows the course of the weight R, as the tube 
rises or falls. The tube is moved from wall to wall by a 
ratchet wheel at R, which is turned by the lever O, on the 
circle N, the ends of which are fixed in the two walls.. 

784. Camera Obscura. Camera obscura strictly signi- 
fies a darkened chamber, because the room must be dark- 
ened, in order to observe its effects. 

To witness the phenomena of this instrument, let a room 
be closed in every direction, so as to exclude the light. Then 
from an aperture, say of an inch in diameter, admit a single 
beam of light, and the images of external things, such as 
trees and houses, and persons walking the streets, will be 
seen inverted on the wall opposite to where the light is admit- 
ted, or on a screen of white paper, placed before the aperture. 

The reason why the image is inverted will be obvious, 
when it is remembered that the rays proceeding from the 
extremities of the object must converge in order to pass 
through the small aperture ; and as the rays of light al- 
ways proceed in straight lines, they must cross each other at 
the point of admission, as explained under the article Vision. 

Thus the pen- 
cil a, Fig. 208, 
coming from the 
upper part of the 
tower, and pro- 
ceeding straight, 
will represent 
the image of 
that part at b, 
while the lower 
part c. for the 
same reason, 
will be repre- 
sented at d. If 
a convex lens, 



Fig. 208. 




Principle of the Camera. 
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Camera Obscura. 



with a short tube, be placed in the aperture through which 
the light passes into the room, the images of things will be 
much more perfect, and their colors more brilliant. 

785. This instrument is 

sometimes employed by Fig. 209. 

painters, in order to obtain 
an exact delineation of a 
landscape, an outline of the 
image being easily taken 
with a pencil, when the im- 
age is thrown on a sheet of 
paper. 

There are several modi- 
fications of this machine, 
and among them the revolv- 
ing camera obscura is the 
most interesting. 

It consists of a small 
house, Fig. 209, with a 
plane reflector a b, and a 
double convex lens c b, 
placed at its top. The re- 
flector is fixed at an angle of 45 degrees with the horizon, 
so as to reflect the rays of light perpendicularly downwards, 
and is made to revolve quite around, in either direction, by 
pulling a string. 

Now suppose the small house to be placed in the open 
air, with the mirror, a b, turned towards the east, then the 
rays of light flowing from the objects in that direction, will 
strike the mirror in the direction of the lines o, and be re- 
flected down through the convex lens c b, to the table e e, 
where they will form in miniature a most perfect and beau- 
tiful picture of the landscape in that direction. Then, by 
making the reflector revolve, another portion of the land- 
scape may be seen, and thus the objects, in all directions, 
can be view r ed at k without changing the place of the in- 
strument. 

MAGIC LANTERN. 

786. The magic lantern is a microscope on the same prin- 
ciple as the solar microscope. — But instead of being used to 

Describe the phenomena of the camera obscura. Why is the image formed by 
the camera obscura inverted! How may an outline ot the image formed by the 
camera obscura be taken 1 Describe the revolving camera obscura. What is the 
magic lantern ? 
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magnify natural objects, it is commonly employed for amuse- 
ment, by casting the shadows of small transparent paintings 
done on glass, upon a screen placed at a proper distance. 



Fig. 210. 




Magic Lantern. 



Let a candle c, Fig. 210, be placed on the inside of a box 
or tube, so that its light may pass through the plano-convex 
lens n. and strongly illuminate the object o. This object is 
generally a small transparent painting on a slip of glass, 
which slides through an opening in the tube. In order to 
show the figures in the erect position, these paintings are 
inverted, since their shadows are again inverted by the re- 
fraction of the convex lens m. 

In some of these instruments there is a concave mirror, d, 
by which the object o, is more strongly illuminated than it 
would be by the lamp alone. The object is magnified by the 
double convex lens, m, which is movable in the tube by a 
screw, so that its focus can be adjusted to the required dis- 
tance. Lastly, there is a screen of white cloth, placed at 
the proper distance, on which the image or shadow of the 
picture, is seen greatly magnified. 

The pictures being of various colors, and so transparent, 
that the light of the lamp shines through them, the shadows 
are also of various colors, and thus soldiers and horsemen 
are represented in their proper costume. 

CHROMATICS, OR THE PHILOSOPHY OF COLORS. 

787. We have thus far considered light as a simple 
body, and have supposed that all its parts were equally re- 



For what purpose is this instroment employed ' 
effp«t of thft masir lantern. 



Describe the construction and 
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fracted, in its passage, through the several lenses described. 
But it will now be shown that light is a compound body, 
and that each of its rajs, which to us appear white, is com- 
posed of several colors, and that each color suffers a different 
degree of refraction, when the rays of light pass through a 
piece of glass, of a certain shape. This was a discovery of 
Sir Isaac Newton's. 

788. Solar Spectrum. — If a ray, proceeding from the 
sun, be admitted into a darkened chamber, through an aper- 
ture in the window shutter, and allowed to pass through a 
triangular shaped piece of glass, called a prism, the light 
will be decomposed, and instead of a spot of white, there 
will be seen, on the opposite wall, a most brilliant display of 
colors, including: all those seen in the rainbow. 



Fig. 211. 




Vhitc Ci- 



So'.ar Spectrum. 



Suppose s, Fig. 2 1 1 , to be a ray from the sun, admitted 
through the window shutter a, in such a direction as to fall 
on the floor at c, where it would form a round, white spot. 
Now, on interposing the prism />, the ray will be refracted, 
and at the same time decomposed, and will form on the 
screen m, n, an oblong figure, containing seven colors, which 
will be situated in respect to each other, as named on the 
figure. 

It may be observed, that of all the colors, the red is least 
refracted, or is thrown the smallest distance from the direc- 
tion of the original sunbeam, and that the violet is most re- 
fracted, or bent out of that direction. 

Who made the discovery, that light is a compound substance 1 In what manner, 
»nd by what means, is lignt decomposed ? What are the pn«natic .colors, and how 
do they succeed each other in the spectrum 1 Which color is refracted most and 
Which least J 
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This oblong image containing the colored rays, is called 
the solar -Or prismatic spec! nun. 

789. decomposition of While Light. — That the rajs of the 
sun are composed of the several colors above named, is suffi. 
ciently evident by the fact, that such a ray is divided into 
these several colors by passing through the prism, but in 
addition to this proof, it is found by experiment, that if these 
several colors be blended or mixed together, white will be 
the result. 

This may be done by mixing together seven powders, 
whose colors represent the prismatic colors, and whose quan- 
tities are to each other, as the spaces occupied by each color 
in the spectrum. When this is clone, it will be found that 
the resulting color will be a grayish white. A still more 
satisfactory proof that these seven colors form white, when 
imited, is obtained by causing the solar spectrum to pass 
through a lens, by which they are brought to a focus, when 
it is found that the focus will be the same color as it would 
be from the original rays of the sun. 

790. From the oblong shape of the solar spectrum, we 
learn that each of the colored rays is refracted in a different 
degree by passing through the same medium, and conse- 
quently that each ray has a refractive power of its own. 
Thus, from the red to the violet, each ray, in succession, is 
refracted more than the other. 

791. Other means of Decomposing Light. — The prism is 
not the only instrument by which light can be decomposed. 
A soap bubble blown up in the sun will display most of the 
prismatic colors. This is accounted for by supposing that 
the sides of the bubble vary in thickness, and that the rays 
of light are decomposed by these variations. The unequal 
surface of mother of pearl, and many other shells, send forth 
colored rays on the same principle. 

792. Two surfaces of polished glass, when pressed to- 
gether will also decompose the light. Rings of colored 
light will be observed around the point of contact between 
the two surfaces, and their number may be increased or 
diminished by the degrees of pressure. Two pieces of 
common looking-glass, pressed together with the fingers, 
will display most of the prismatic colors. 

793. A variety of substances, when thrown into the form 

When the several prismatic colors are blended, what color is the result 1 When 
the solar spectrum is made to pass through a lens, what is the color of the focus? 
How do we learn that each colored ray has a refractive power of its own > 
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of the triangular prism, will decompose the rays of light, as 
well as a prism of glass. A very common instrument for 
this purpose is made by putting together three pieces of plate 
glass, in form of a prism. The ends may be made of wood, 
iiml i lie edges cemented with putty, so as to make the whole 
WUter-tight. When this is filled with water, and held before 
a sunbeam, the solar spectrum will be formed, displaying 
the same colors, and in the same order, as that above de- 
scribed. 

794. In making experiments with prisms, filled with dif- 
ferent kinds of liquids, it has been found that one liquid will 
make the spectrum longer than another ; that is, the red 
and violet rays, which form the extremes of the spectrum, 
will be thrown farther apart by one fluid than by another. 
For example, if the prism be filled with oil of cassia, the 
Bpectrum formed by it, will be more than twice as long as 
that formed by a prism of solid glass. The oil of cassia is 
therefore said to disperse the rays of light more than glass, 
and hence to hai'e a greater dispersive power. 

THE RAINBOW. 

795. The rainbow was a phenomenon, for which the 
ancients were entirely unable to account ; but after the dis- 
covery that light is a compound principle, and that its 
colors may be separated by various substances, the solu- 
tion of this phenomenon became easy. 

Sir Isaac Newton, after his great discovery of the com- 
pound nature of light, and the different refrangibility of the 
colored rays, was able to explain the rainbow on optical 
principles. 

796. If a glass globe be suspended in a room, where the 
rajs of the sun can fall upon it, the light will be 'decomposed, 
or separated into several colored rays, in the same manner 
as is done by the prism. A well defined spectrum will not, 
however, be formed by the globe, because its shape is such 
as to disperse some of the rays, and converge others ; but 
the eye, by taking different positions in respect to the globe, 
will observe the various prismatic colors. Transparent 



By what other means beside tlie prism, can the rays of light be decomposed 7 

]|„w may light ed by two pecs of glassl Of what substances may 

formed, b sid s glass 1 What i s said of some liquids making the spectrum 

itrsl Whatissaidof oil of cassia, in this respect! Vv hat discovery 

,1 on ol Ilia rainbow ! Who first explained the rainbow on 

pr.nc ni'. ! Win don nol a glass globe form a well defined spectrum! 

., ,, ,„ _,,,-, „i bodies cliietly reflect ilu light I 
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bodies, such as glass and water, reflect the rajs of light 
from both their surfaces, but chiefly from the second sur- 
face. That is, if a plate of naked glass be placed so as to 
reflect the image of the sun, or of a lamp, to the eye, the 
most distinct image will come from the second surface, or 
that most distant from the eye. The great brilliancy of the 
diamond is owing to this cause. It will be understood 
directly, how this principle applies to the explanation of the 
rainbow. 

How the Bow is 
formed. — Suppose 
the circle a b c, 
Fig. 212. to repre- 
sent a globe, or 
a drop of rain, 
for each drop of 
rain, as it falls 
through the air, 
is a small glpbe of 
water. Suppose, 
also, that the sun 
is at *,and the eye 
of the spectator at 
e. Now, it has 

already been stated, (796) that from a single globe, the 
whole solar spectrum is not seen in the same position, but 
that the different colors are seen from different places. Sup- 
pose, then, that a ray of light from the sun s, on entering 
the globe at a is separated into its primary colors, and at the 
same time the red ray, which is the least refrangible, is re- 
fracted in the line from a to b. From the second, or inner 
surface of the drop, it would be reflected to c, the angle of 
reflection being equal to the angle of incidence. On passing 
out of the drop, its refraction at c, would be just equal to the 
refraction of the incident ray at a, and therefore the red ray 
would fall on the eye at e. All the other colored rays would 
follow the same law, but because the angles of incidence 
and those of reflection are equal, and because the colored 
rays are separated from each other by unequal refraction, it 
is obvious, that if the red ray enters the eye at e, none of the 
other colored rays could be seen from the same point. 

_ Explain Fig. 212, and show the different n fractions, and the n II. rtion concerned 
m forming the rainbow. In the case supposed, why will only thi red raj meet the 




Horn the Bore is formed. 
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797. From this it is evident, that if the eye of the spec- 
tutor is moved to another position, he will not see the red 
ray coming from the same drop of rain, but only the blue, 
and if to another position, the green, and so of all the others. 
But in a shower of rain, there are drops at all heights and 
distances, and though they perpetually change their places, 
in respect to the sun and the eye, as they fall, still there 
will be many which will be in such a position as to reflect 
the red rays to the eye, and as many more to reflect the 
yellow rays, and so of all the other colors. 

Fig. 213. 




Rainbow. 



This will be made obvious by Fig. 213, where, to avoid 
confusion, we will suppose that only three drops of rain, and, 
consequently, only three colors, are to be seen. 

The numbers 1, 2, 3, are the rays of the sun, proceeding 
to the drops a, b. c, and from which these rays are reflected 
to the eye, making different angles with the horizontal line 
A, because one colored ray is refracted more than another. 
^ T ow, suppose the red ray only reaches the eye from the drop 
a, the green from the drop b, and the violet from the drop c, 

ise a person looking at the rainbow moves his eye, will he see the same colors 

same drop of rain ! Explain Fig. 213, and show why we see different 

cnlorsfrom different drops of rain. Do several persons see the same rainbow at 

lime ? 
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then the spectator would see a minute rainbow of three 
colors. But during a shower of rain, all the drops which 
are in the position of a, in respect to the eye, would send 
forth red rays, and no other, while those in the position of 6, 
would emit green raj^s, and no other, and those in the posi- 
tion of c, violet rays ; and so of all the other prismatic colors. 
Each circle of colors, of which the rainbow is formed, is 
therefore composed of reflections from a vast number of dif- 
ferent drops of rain, and the reason why these colors are dis- 
tinct to our senses, is, that we see only one color from a sin- 
gle drop, with the eye in the same position. It follows, then, 
that if we change our position, while looking at a rainbow, 
we still see a bow, but not the same as before, and hence, if 
there are many spectators, they will all see a different rainbow, 
though it appears to be the same. 

798. Secondary Bow. There are often seen two rainbows, 
the one formed as above described, and the other, which is 
fainter, appearing on the outside, or above this. The secondary 
bow, as this last is called, always has its order of colors the re- 
verse of the primary one. Thus, the colors of the primary 
bow, beginning with its upper or outermost portion, are red. 
orange, yellow, &c, the lowest or innermost portion, being 
violet ; while the secondary bow, beginning with the same 
corresponding part, is colored violet, indigo, &c, the lowest 
or innermost, circle, being red. 

799. In the primary bow, we have seen, that the colored 
rays arrive at the eye after two refractions, and one reflec- 
tion. In the secondary bow, the rays reach the eye after 
two refractions, and two reflections, and the order of the 
colors is reversed, because, in this case, the rays of light en- 
ter the lower part of the drop, instead of the upper part, as 
in the primary bow. The reason why the colors are fainter 
in the secondary than in the primary bow is, because a part 
of the light is lost or dispersed, at each reflection, and there 
being two reflections, by which this bow is formed, instead 
of one, as in the primary, the difference in brilliancy is very 
obvious. 

800. The direction of a single ray, showing how the sec- 
ondary bow is formed, will be seen at Fig. ^14. The ray 
r, from the sun, enters the drop of water at a. and is refrac- 

Explain the reason of this. How are the colors of the pr mary and si i 
bows arranged in respect to each other .' How many refractions and reflections pro- 
produce the secondary bow f Why is the secondare bovs I . . -., brilliant lhaii the 
primary ? 
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Secondary Rainbow. 

ted to c, then refected to ft, then again reflected to d, where 
it suffers another refraction and, lastly, passes to the eye of 
the spectator at e. 

The rainbow, being the consequence of the refracted and 
reflected rays of the sun, is never seen, except when the sun 
and the spectator are in similar directions in respect to the 
shower. It assumes the form of a semicircle, because it is 
only at certain angles that the refracted rays are visible to 
the eye. 

COLORS OF OBJECTS. 

801. The light of the sun, we have seen, may be sepa- 
rated into seven primary rays, each of which has a color of 
its own, and which is different from that of the others. In 
the objects which surround us, both natural and artificial, 
we observe a great variety of colors, which differ from those 
composing the solar spectrum, and hence one might be led 
to believe that both nature and art afford colors different 
from those afforded by the decomposition of the solar rays. 
But it must be remembered, that the solar spectrum contains 
only the primary colors of nature, and that by mixing these 
colors in various proportions with each other, an indefinite va- 
riety of tints, all differing from their primaries, may be ob- 
tained. 

802. Color depends on absorption and refection. It ap- 
pears that the colors of all bodies depend on some peculiar 



Why are the colors of things different from those of the solar spectrum 1 On 
what do the colors of bodies depend f Suppose all bodies reflected the same ray. 
what would be the consequence in regard to color 1 

23* 
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property of their surfaces, in consequence oi which, they 
absorb some of the colored rays, and reflect the others. 
Had the surfaces of all bodies the property of reflecting the 
same ray only, all nature would display the monotony of a 
single color, and our senses would never have known the 
charms of that variety which we now behold. 

803. All bodies appear of the color of that ray, or of a tint 
depending on the several rays which it reflects, while all the 
other rays are absorbed, or, in other terms, are not reflected. 
Black and white, therefore, in a philosophical sense, cannot 
be considered as colors, since the first arises from the absorp- 
tion of all the rays, and the reflection of none, and the last 
is produced by the reflection of all the rays, and the absorp- 
tion of none. But in all colors, or shades of color, the rays 
only are reflected, of which the color is composed. Thus, 
the color of grass, and the leaves of plants, is green, because 
the surfaces of these substances reflect only the green rays, 
and absorb all the others. For the same reason, the rose is 
red, the violet blue, and so of all other substances, every one 
throwing out the ray of its own color and absorbing all the 
others. 

804. To account for such a variety of colors as we see in 
different bodies, it is supposed that all substances, when 
made sufficiently thin, are transparent, and consequently, 
that they transmit through their surfaces, or absorb, certain 
rays of light, while other rays are thrown back, or reflected 
as above described. Gold, for example, may be beat so thin 
as to transmit some of the rays of light, and the same is 
true of several of the other metals, which are capable of be- 
ing hammered into thin leaves. It is therefore most proba- 
ble, that all the metals, could they be made sufficiently thin, 
would permit the rays of light to pass through them. Most, 
if not quite all mineral substances, though in the mass they 
may seem quite opaque, admit the light through their 
edges, when broken, and almost every kind of wood, when 
made no thinner than writing paper, becomes translucent. 
Thus we may safely conclude, that every substance with 
which we are acquainted, will admit the rays of light, when 
made sufficiently thin. 

805. Transparent substances. Transparent, colorless sub- 
Why are not black and white considered as colors'? Why is the color of grass 

green 1 How is the variety of colors accounted for. by considering all bodies trans- 
parent t What is said of the reflection of colored ligh! by transparent substances 1 
What substance is mentioned, as illustrating this fact ' 



COLORS OF OBJECTS. 



271 



stances, whether solid or fluid, such as glass, water, or mica, 
reflect and transmit light of the same color ; that is, the light 
seen through these bodies, and reflected from their surfaces 
is white. This is true of all transparent substances under 
ordinary circumstances ; but if their thickness be diminished 
to a certain extent, tnese substances will both reflect and 
transmit colored light of various hues, according to their 
thickness. Thus, the thin plates of mica, which are left on 
the lingers after handling that substance will reflect pris- 
matic raja of various colors. 

806. There is a degree of tenuity, at which transparent 
substances cease to reflect any of the colored rays, but ab- 
sorb, or transmit them all, in which case they become black. 
This may be proved by various experiments. If a soap bub- 
ble be closely observed, it will be seen that at first, the thick- 
ness is sufficient to reflect the prismatic rays from all its 
parts, but as it grows thinner, and just before it bursts, there 
may be seen a spot on its top, which turns black, thus trans- 
mitting all the rays at that part, and reflecting none. The 
same phenomenon is exhibited, when a film of air, or water, 
is pressed between two plates of glass. At the point of 
contact, or where the two plates press each other with the 
greatest force, there will be a black spot, while around this 
there may be seen a system of colored rings. 

From such experiments, Sir Isaac Newton concluded, that 
air. when below the thickness of half a millionth of an inch, 
ceases to reflect light ; and also, that water, when below 
the thickness of three eights of a millionth of an inch, ceases 
to reflect light. But that both air and water, when their 
thickness is in a certain degree above these limits, reflect all 
the colored rays of the spectrum. 

807. Newton's conclusions. Now all solid bodies are more 
or less porous, having among their particles either void spaces, 
or spaces filled with some foreign matter, differing in density 
from the body itself, such as air or water. Even gold is not per- 
fectly compact since water can be forced through its pores. 
It is most probable, then, that the parts of the same bod}', 
differing in density, either reflect, or transmit the rays of light, 
according to the size or arrangement of their particles ; and 
in proof of this, it is found that some bodies transmit the 

U In ii is it said that transparent substances become black ? How is it proved that 
fluids of extreme tenuity absorb all the rays and reflect none? What is theconclu- 
sion of Sir Isaac Newton, concerning the tenu ty at which water and air i 
reflect light 1 What is said ol the porous nature ol the bohd bod.ei I 
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rays of one color, and reflect those of another. Thus, the color 
which passes through a leaf of gold is green, while that 
which it reflects is yellow. 

808. From a great variety of experiments on this subject, 
Sir Isaac Newton concludes that the transparent parts of 
bodies, according to the sizes of their transparent pores, re- 
flect rays of one color, and transmit those of another, for the 
same reason that thin plates, or minute particles of air, 
water, and some other substances, reflect certain rays, and 
absorb or transmit others, and that this is the cause of all 
their colors. 

809. In confirmation of the truth of this theory, it may 
be observed, that many substances, otherwise opaque, become 
transparent, by filling their pores with some transparent fluid. 

Thus, the stone called Hydrophone, is perfectly opaque 
when dry, but becomes transparent when dipped in water; 
and common writing paper becomes translucent, after it has 
absorbed a quantity of oil. The transparency, in these cases, 
may be accounted for, by the different refractive powers 
which the water and oil possess, from the stone or paper, 
and in consequence of which the light is enabled to pass 
among their particles by refraction. 



CHAPTER XII. 
ASTRONOMY. 



This term is compounded of the Greek astro, the stars, 
and nomos a law ; and hence signifies the laws of the ce- 
lestial bodies. 

810. Astronomy is that science which treats of the motions 
and appearances of the heavenly bodies; accounts for the phe- 
nomena which these bodies exhibit to us ; and explains the laws 
by which their motions, or apparent motions, are regulated. 

Astronomy is divided into Descriptive, Physical, and Prac- 
tical. 

Descriptive astronomy demonstrates the magnitudes, dis- 
tances, and densities of the heavenly bodies, and explains 

What is astronomy ? How is astronomy divided ? What does descriptive astron- 
omy teach ? What is the object of physical astronomy 1 What is practical astron- 
°^V «Vu 0W are l u e heavenly bodies divided 1 Of what does the solar system con- 
sist 7 What are the bodies called, which revolve around the Sun or a centre 1 
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the phenomena dependent on their motions, such as the 
change of seasons, and the vicissitudes of day and night. 

Physical astronomy explains the theory of planetary mo- 
tion and the laws by which this motion is regulated and 
sustained. 

Practical astronomy details the description and use of as- 
tronomical instruments, and developes the nature and appli- 
cation of astronomical calculations. 

Our limits will allow only an epitome of the science in 
question, but enough will be illustrated and described, to 
rive the student an insight into the principles of the science, 
and to excite his wonder at the perseverance of man in in- 
venting the means by which astronomical discoveries have 
been made. His astonishment will also be excited at the 
fact, that the distances, and dimensions of the planets, as 
well as their velocities of motion, are perfectly well known 
to astronomers, and that the means by which this knowledge 
has been obtained is much more simple and easy than he 
could have imagined, while perfectly ignorant of the subject. 

The heavenly bodies are divided into three distinct classes, 
or systems, namely, the solar system, consisting of the sun, 
moon, and planets ; the system of the fixed stars ; and the 
system of the comets. 

THE SOLAR SYSTEM. 

811. The Solar System consists of the Sun, and twenty-nine 
other bodies, which revolve around him at various distances, 
and in various periods of time. 

These bodies, being perpetually in motion, are called plan- 
ets, from a Greek word signifying wanderers, and they are 
distinguished with reference to their centres of revolution, 
into primary and secondary. 

The Primary planets are those which revolve around the 
sun as their proper centre. These are eleven- in number ; 
that nearest the sun being Mercury, the others follow in 
succession, thus : Venus, Earth, Mars, Vesta, Ceres, Pallas, 
Juno, Jupiter, Saturn, Herschel, or Georgium Sidus. 

The Secondary planets are those which move round the 
primaries, as these move round the sun. Of these, there are 
eighteen, called also moons, or satellites. These, as we shall 
see, like their primaries, complete their revolutions at various 
periods of time. 

' What are those planet* called which revolve around these primaries as a centre? 
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PRIMARY PLANfcTS. 

812. The following tabular view of the primary planets, 
exhibits their respective diameters ; their distances from the 
sun ; the periods of their revolutions round the sun ; the pe- 
riods of their revolutions round their axes, where this is 
known ; and their hourly motion through their several orbits. 



Names 


Diameter 


Distances 


Revolution 


Periods of revolu- 


Hourly 


of 


in English 


from the Sun in 


round 


tion on their own 


motion in 


the Planets. 


miles. 


English miles. 


the Sun. 


axes. 


miles. 








Days, 


Days, Hrs, M, 




Mercury, 


3,224 


37,000,000 


88 


46- 5 


1 10,000 


Venus, 


7,687 


68,000,000 


224! 


23 21 


80,000 


The Earth, 


7,912 


95,000,000 


365 1 


1 


68,000 


Mars, 


4,189 


144,000,000 


687 


1 39 


55,000 


Vesta, 


238 


225,000,000 


1,335 


> 


45,000 


Ceres, 


163 


260,000,000 


1,681 


> Unknown. 


41,000 


Pallas, 


80 


266,000,000 


1,680 


s 


41,000 


Juno, 


1,425 


275,000,000 


2,008 


1 3 


45,000 


Jupiter, 


89,170 


490,000.00(1 


4,330A 


9 56 


36,000 


Saturn, 


79,042 


900,000,000 


10,7161 


10 16 


22,000 


Herschel, 


35,112 


1,800,000,000 


30,037* 


7 


15,500 



Note. — The above table, taken from the last London (Prof. Hoblyn's) edition of 
our Philosophy, is believed to be correct, according to the most recent observations. 
It will be seen that in the descriptions of the planets, round numbers are generally 
employed, as being more easily remembered — also that the periodic revolutions of 
the planets are given in years, days and hours, instead of days only, as in the table. 

813. A Year, what. — A year consists of the time which 
it takes a planet to perform one complete revolution through 
its orbit, or to pass once around the Sun. Our Earth per- 
forms this revolution in 365 days, and therefore this is the 
period of our year. Mercury completes his revolution in 88 
days, and therefore his year is no longer than 88 of our days. 
But the planet Herschel is situated at such a distance from 
the Sun, that his revolution is not completed in less than 
about 84 of our years. The other planets complete their 
revolutions in various periods of time, between these ; so that 
the time of these periods is generally in proportion to the dis- 
tance of each planet from the Sun. 

Ceres, Pallas, Juno, and Vesta, are the smallest of all t 
planets, and are called Asteroids. 

Besides the above enumerated primary planets, our sy- 
tern contains eighteen secondary planets, or moons. Of 

In what order are the several planets situate.! in respect to the Sun 7 How long 
does it take each planet to make its revolution around the Sun 7 What is a vear 7 
What planets are called asteroids 7 How many moons does our system contain 7 
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these, our Earth has one moon, Jupiter four, Saturn seven, 
and Herschel six. None of these moons, except our own, 
and one or two of Saturn's, can be seen without a telescope. 
The seven other planets, so far as has been discovered, are 
entirely without moons. 

814 All the planets move around the Sun from west to 
east, and in the same direction do the moons revolve around 
their primaries, with the exception of those of Herschel, 
which appear to revolve in a contrary direction. 

815. Orbits of the Planets. — The paths in which the 
planets move round the Sun, and in which the moons move 
round their primaries, are called their orbits. These orbits 
are not exactly circular, as they are commonly represented 
on paper, but are elliptical, or oval, so that all the planets are 
nearer the Sun. when in one part of their orbits than when 
in another. 

In addition to their annual revolutions, some of the plan- 
ets are known to have diurnal, or daily revolutions, like our 
Earth. The periods of these daily revolutions have been as- 
certained, in several of the planets, by spots on their surfaces. 
But where no such mark is discernible, it cannot be ascer- 
tained whether the planet has a daily revolution or not, 
though this has been found to be the case in every instance 
where spots are seen, and, therefore, there is little doubt but 
all have a daily as well as a yearly motion. 

8 1 6. The axis of a planet is an imaginary line passing 
through its centre, and about which its diurnal revolution is 
performed. The poles of the planets are the extremities of 
this axis. 

817. The orbits of Mercury and Venus are within that 
of the Earth, and consequently they are called inferior plan- 
ets. The orbits of all the other planets are without, or ex- 
terior to that of the Earth, and these are called superior 
planets. 

That the orbits of Mercury and Venus are within that of 
the Earth, is evident from the circumstance that they are 
never seen in opposition to the Sun, that is, they never ap- 
pear in the west when the Sun is in the cast. On the con- 
trary, the orbits of all the other planets are proved to be out- 

Which ol the planets are attended by moons, and howmany has .each 1 la what 
direction do the planets move around the Sun I What i i the orbit £ a ptanet . 
What n volutionAave Hie planets, b, sides their yea y rev "lions? Have Ul he 

BSwCtt^^^^ 

Swhte^ 
are within the Earth's orbit, and the superior ones without it 7 
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side of the Earth's, since these planets are sometime* seen 
in opposition to the Sun. 

This will be understood by Fig. 215, where suppose s to 
be the Sun, m the orbit of Mercury or Venus, e the orbit of 
the Earth, and j that of Jupiter. Now, it is evident, that if 
a spectator be placed any where on the Earth's orbit, as at e, 
he may sometimes see Jupiter in opposition to the Sun, as at 
j, because then the spectator would be between Jupiter and 
the Sun. But the orbit of Venus, being surrounded by that 
of the Earth, she never can come in opposition to the Sun, 
or in that part of the heavens opposite to him, as seen by us, 
because our Earth never passes between her and the Sun. 



Fig. 215 



Fig. 216. 




Elliptical Orbit. 



Orbits of the Planets. 



818. Orbits Elliptical. — It has already been stated, that 
the orbits of the planets are elliptical, (815.) and that, conse- 
quently, these bodies are sometimes nearer the Sun than at 
others. An ellipse, or oval, has two foci, and the Sun, in- 
stead of being in the common centre, is always in the lower 
focus of their orbits. 

The orbit of a planet is represented by Fig. 216, where 
a, d, b, e, is an ellipse, with its two foci, s and o, the Sun 
being in the focus s, which is called the lower focus. 

When the Earth, or any other planet, revolving around 
the Sun, is in that part of its orbit nearest the Sun, as at a, 
it is said to be in its perihelion; and when in that part which 
is at the greatest distance from the Sun, as at b, it is said to 
be in its aphelion. The line s d, is the mean, or average 
distance of a planet's orbit from the Sun. 



Explain Fig. 215, and show why the inferior planets never can be in opposition to 
ae t>un. What are the shapes of the planetary orbits % What is meant by perihelion t 
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819. Ecliptic. — Tlie planes of the orbits of all the planets 
pass through the centre of the Sun. The plane of an orbit 
is an imaginary surface, passing from one extremity, or side 
of the orbit, to the other. If the rim of a drum head be con- 
sidered the orbit, its plane would be the parchment extended 
across it, on which the drum is beaten. 

Let us suppose the Earth's orbit to be such a plane, cut- 
ting the Sun through his centre, and extending out on every 
side to the starry heavens ; the great circle so made, would 
murk the line of the ecliptic, or the Sun's apparent path 
through the heavens. 

This circle is called the Sun's apparent path, because the 
revolution of the Earth gives the Sun the appearance of pass- 
ing through it. It is called the ecliptic, because eclipses 
happen when the Moon is in, or near, this apparent path. 

820. Zodiac. — The Zodiac is an imaginary belt, or broad 
circle, extending quite around the heavens. The ecliptic di- 
vides the zodiac into two equal parts, the zodiac extending 
8 degrees on each side of the ecliptic, and therefore is 16 de- 
grees wide. The zodiac is divided into 12 equal parts, called 
the signs of the zodiac. 

821. The sun appears every year to pass around the great 
circle of the ecliptic, and consequently, through the 12 con- 
stellations, or signs of the zodiac. But it will be seen, in 
another place, that the Sun, in respect to the Earth, stands 
still, and that his apparent yearly course through the heav- 
ens is caused by the annual revolution of the Earth around 
its orbit. 

To understand the cause of 
this deception, let us suppose 
that s, Fig. 217, is the Sun, a b, 
a part of the circle of the eclip- 
tic, and c d, a part of the Earth's 
orbit. Now if a spectator be 
placed at c, he will see the Sun 
in that part of the ecliptic mark- 
ed by b, but when the Earth 
moves in her annual revolution 
to d, the spectator will see the 
Sun in that part of the heavens 
marked by a ; so that the mo- 
tion of the Earth in one direc- 
tion, will give the Sun an appa- 
rent motion in the contrary di- 
rection. * 4 
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822. Constellations. — A sign or constellation, is a col- 
lection of fixed stars, and as we have already seen, the Sun 
appears to move through the twelve signs of the zodiac every 
year. Now, the Sun's place in the heavens, or zodiac, is 
found by his apparent conjunction, or nearness to any par- 
ticular star in the constellation. Suppose a spectator at c, 
observes the Sun to be nearly in a line with the star at b : then 
the Sun would be near a particular star in a certain constel- 
lation. When the Earth moves to d, the Sun's place would 
assume another direction, and he would seem to have moved 
into another constellation, and near the star a, Fig. 217. 

823. Each of the 12 signs of the zodiac is divided into 
30 smaller parts, called degrees ; each degree into 60 equal 
parts, called minutes, and each minute into 60 parts, called 
seconds. 

The division of the zodiac into signs, is of very ancient 
date, each sign having also received the name of some ani- 
mal, or thing, which the constellation, forming that sign, was 
supposed to resemble. It is hardly necessary to say, that 
this is chiefly the result of imagination, since the figures 
made by the places of the stars, never mark the outlines of 
the figures of animals, or other things. This is, however, 
found to be the most convenient method of finding any par- 
ticular star at this day, for among astronomers, any star, in 
each constellation, may be designated by describing the part 
of the animal in which it is situated. Thus, by knowing 
how many stars belong to the constellation Leo, or the Lion, 
we readily know what star is meant by that which is situa- 
ted on the Lion's ear or tail. 

824. Names of the Signs. — The names of the 12 signs of 
the zodiac are, Aries, Taurus. Gemini, Cancer, Leo, Virgo, 
Libra, Scorpio, Sagittarius, Capricorn, Aquarius, and Pisces. 
The common names, or meaning of these words, in the same 
order, are, the Ram, the Bull, the Twins, the Crab, the Lion, 
the Virgin, the Scales, the Scorpion, the Archer, the Goat, 
the Waterer, and the Fishes. 

What is the plane of an orbit ? Explain what is meant by the ecliptic. Why is 
the ecliptic called the Sun's apparent path ? What is the zodiac? HOW does the 
ecliptic divide the zodiac 1 How far does the zodiac extend on each side of the 
ecliptic ? Explain Fig. 217, and show why the Sun seems to pass through the eclip- 
tic, when the Earth only revolves around the Sun ? What is a constellation, or sign ! 
How is the Sun's apparent place in the heavens found ? Into how many parts are 
the signs of the zodiac divided, and what are these parts called ? Is there any re- 
semblance between the places of the stars, and the figures of l he animals alter which 
they are called ? Explain why this is a convenient met hod of finding any particular 
star in a sign. What are the names of the twelve signs ? 
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The twelve signs of the zodiac, together with the Sun, 
and the Earth revolving around him, are represented at Fig. 
218. When the Earth is at A, the Sun will appear to be 




Signs of the Zodiac. 

just entering the sign Aries, because then, when seen from 
the Earth, he ranges towards certain stars at the beginning 
of that constellation. When the Earth is at C, the Sun will 
appear in the opposite part of the heavens, and therefore in 
the beginning of Libra. The middle line, dividing the cir- 
cle of the zodiac into equal parts, is the line of the ecliptic. 

825 Density of thk Planets. Astronomers have no 
means of ascertaining whether the planets ?* c °^?^ ° f 
the same kind of matter as our Earth or whether therr sur- 
faces are clothed with vegetables and forests, oi not. Iney 

, „ — lhc SU11 ,,» ,e in H„ inning of Aries, who,, the Earth is a. A, 
Fig. 218. 
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have, however, been able to ascertain the uw- 
of them, by observations on their mutual attraction, by 
density, is meant compactness, or the quantity of matter in a 
given space. (64.) When two bodies are of equal bulk, that 
which weighs most, has the greatest density. It was shown, 
while treating of the properties of bodies, that substances 
attract each other in proportion to the quantities of matter 
they contain. (110.) If, therefore, we know the dimensions 
of several bodies, and can ascertain the proportion in which 
they attract each other, their quantities of matter, or densi- 
ties, are easily found. 

826. Thus, when the planets pass each other in their cir- 
cuits through the heavens, they are often drawn a little out 
of the lines of their orbits by mutual attraction. As bodies 
attract in proportion to their quantities of matter, it is obvi- 
ous that the small planets, if of the same density, will suf- 
fer greater disturbance from this cause, than the large ones. 
But suppose two planets, of the same dimensions, pass each 
other, and it is found that one of them is attracted twice as 
far out of its orbit as the other, then, by the known laws of 
gravity, it would be inferred, that one of them contained 
twice the quantity of matter that the other did, and there- 
fore that the density of the one was twice that of the other. 

By calculations of this kind, it has been found, that the 
density of the Sun is but a little greater than that of water, 
while Mercury is more than nine times as dense as water, 
having a specific gravity nearly equal to that of lead. The 
Earth has a density about five times greater than that of the 
Sun, and a little less than half that of Mercury. The den- 
sities of the other planets seem to diminish in proportion as 
their distances from the Sun increase, the density of Saturn, 
one of the most remote of planets, being only about one-third 
that of water. 



827. The Sun is the centre of the solar system, and the great 
dispenser of heat and light to all the planets. Around the Sun 
all the planets revolve, as around a common centre, he being the 

How has the density of the planets been ascertained? What is meant by density I 
In what proportion do bodies attract each other ? How are tlfe densities of the 
planets ascertained'? What is the density of the Sun, of Mercury, and of the 
Earth 1 In what proportions do (he densities of the planets appear to diminish 1 
Where is the place of the Sun in the solar system 1 Whal is ili>- distance of the 
Sun from the Earth 1 
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largest body in our system, and, so far as we know, the largest 
m the universe: 

828. Distance of the Sun. The distance of the Sun from 
the Earth is 95 millions of miles, and his diameter is esti- 
mated at 880,000 miles. Our globe when compared with 
the magnitude of the Sun, is a mere point, for his bulk is 
about thirteen hundred thousand times greater than that of 
the Earth. Were the Sun's centre placed in the centre of 
the Moon's obit, his circumference would reach two hundred 
thousand miles beyond her orbit in every direction, thus fill- 
ing the whole space between us and the moon, and extend- 
ing nearly as far beyond her as she is from us. A traveller, 
who should go at the rate of 90 miles a day, would perform 
a journey of nearly 33,000 miles in a year, and yet it would 
take such a traveller more than 80 years to go round the cir- 
cumference of the Sun. A body of such mighty dimensions, 
hanging on nothing, it is certain, must have emanated from 
an Almighty power. 

The Sun appears to move around the Earth every 24 
hours, rising in the east, and setting in the west. This 
motion, as will be proved in another place, is only apparent, 
and arises from the diurnal revolution of the Earth. 

829. Diurnal revolution of the Sun. The Sun, although 
he does not, like the planets, revolve in an orbit, is, however, 
not without motion, having a revolution around his own axis, 
once in 25 days and 10 hours. Both the fact that he has 
such a motion, and the time in which it is performed, have 
been ascertained by the spots on his surface. If a spot is 
seen, on a revolving body, in a certain direction, it is obvious, 
that when the same spot is again seen, in the same direction, 
that the body has made one revolution. By such spots the 
diurnal revolutions of the planets, as well as the Sun, have 
been determined. 

830. Spots on the Sun. Spots on the Sun, seem first to 
have been observed in the year 1611, since which time they 
have constantly attracted attention, and have been the sub- 
ject of investigation among astronomers. These spots 
change their appearance as the Sun revolves on his axis, and 
become greater or less, to an observer on the Earth, as they 
are turned to, or from him ; they also change in respect to 

What is the diameter of the Sun t Suppose the centre of the Sun and that of the 
orbit to be coincident, how far would the Sun extend beyond the Moon's or- 
bit ! How is it proved that the Sun has a motion around his own axis? How 
often does the Sun revolve 1 When were the spots on the Sun first observed 1 

24* 
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real magnitude and number: one spot, seen by Dr. Herschel, 
was estimated to be more than six times the size of our 
Earth, being- 50,000 miles in diameter. Sometimes forty or 
fifty spots may be seen at the same time, and sometimes only 
one. They are often so large as to be seen with the naked 
eye; this was the case in 1816. 

831. Nature and design of these spots. In respect to the 
nature and design of these spots, almost every astronomer 
has formed a different theory. Some have supposed them to 
be solid opaque masses of scoria?, floating in the liquid fire of 
the Sun ; others, as satellites, revolving round him, and hiding 
his light from us ; others, as immense masses, which have 
fallen on his disc, and which are dark colored, because they 
have not yet become sufficiently heated. In two instances, 
these spots have been seen to burst into several parts, and 
the parts to fly in several directions, like a piece of ice thrown 
upon the ground. Others have supposed that these dark 
spots were the body of the Sun, which became visible in 
consequence of openings through the fiery matter, with which 
he is surrounded. Dr. Herschel, from many observations 
with his great telescope, concludes, that the shining matter 
of the Sun consists of a mass of phosphoric clouds, arid 
that the spots on his surface are owing to disturbances in 
the equilibrium of this luminous matter, by which openings 
are made through it. There are, however, objections to this 
theory, as indeed there are to all the others, and at present 
it can only be said, that no satisfactory explanation of the 
cause of these spots has been given. 

832. The Sun inhabited. That the Sun, at the same time 
that he is the great source of heat and light to all the solar 
worlds, may yet be capable of supporting animal life, has 
been the favorite doctrine of several able astronomers. Dr. 
Wilson first suggested that this might be the case, and Dr. 
Herschel, with his telescope, made observations which con- 
firmed him in this opinion. The latter astronomer supposed 
that the functions of the Sun as the dispenser of light and 
heat, might be performed by a luminous, or phosphoric at- 
mosphere, surrounding him at many hundred miles distance, 
while his solid nucleus might be fitted for the habitations of 
millions of reasonable beings. This doctrine is, however, 
rejected by most writers on the subject at the present day. 



What has been the difference in the number of spots observed ? What was the 
size of the spots seen by Dr. Herschel ! What has been advanced concf rning the 
nature of these spots ? Have they been accounted for satisfactorily ? What is said 
concerning the Sun's bsing a habitable globe ? 
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833. Mercury, the planet nearest the Sun, is about 3,000 
miles in diameter, and revolves around him at the distance 
of 37 millions of miles. The period of his annual revolu- 
tion is 88 days, and he turns on his axis once in about 15 hours. 

The nearness of this planet to the Sun, and the short 
time Ins fully illuminated disc is turned towards the earth, 
has prevented astronomers from making many observations 
on him. 

No signs of an atmosphere have been observed in this 
planet. The Sun's heat at Mercury is about seven times 
greater than it is on the Earth, so that water, if nature fol- 
lows the same laws there that she does here, cannot exist 
at Mercury, except in the state of steam. 

The nearness of this planet to the Sun, prevents his being 
often seen. He may, however, sometimes be observed just 
before the rising, and a little after the setting of the Sun. 
When seen after sunset, he appears a brilliant, twinkling 
star, showing a white light, which, however, is much ob- 
scured by the glare of twilight. When seen in the morning, 
before the rising of the Sun, his light is also obscured by 
the Sun's rays. 

Mercury sometimes crosses the disc of the Sun, or comes 
between the Earth and that luminary, so as to appear like a 
small dark spot passing over the Sun's face. This is called 
the transit of Mercury. 



834. Venus is the other planet, whose orbit is within that 
of the Earth. Her diameter is about 8,000 miles, being 
somewhat larger than the Earth. 

Her revolution around the Sun is performed in 224 days, 
at the distance of 68 millions of miles from him. She turns 
on her axis once in 23 hours, so that her day is a little shorter 
than ours. Her hourly motion is 80,000 miles. 

835. Venus, as seen from the Earth, is the most brilliant 
of all the primary planets, and is better known than any 
nocturnal luminary except the Moon. When seen through 
a telescope, she exhibits the phases or horned appearance of the 
moon and her face is sometimes variegated with dark spots. 

This planet may often be seen in the da y time, even when 

"Wh^ta the diameter of Mercury, aad 7^ « *jL^%^SStalfaSS 

revolution ? How great is the Sun's heat at Mercury 1 At what times is Mercury 
to be seen 1 What is a transit of Mercury 1 
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she is in the vicinity of the blazing light of the Sun. A 
luminous appearance around this planet, seen at certain 
times, proves that she has an atmosphere. Some of her 
mountains are several times more elevated than any on our 
globe, being from 10 to 22 miles high. Venus sometimes 
makes a transit across the Sun's disc, in the same manner as 
Mercury, already described. The transits of Venus occur 
only at distant periods from each other. The last transit 
was in 1769, and the next will not happen until 1874. 
These transits have been observed by astronomers with the 
greatest care and accuracy, since it is by observations on 
them that the true distances of the Earth and planets from 
the Sun are determined. 

836. Motions and phenomena of Venus. The long absence 
of this planet, her periodical lustre, the different phases 
which her face presents when viewed through the telescope, 
and her absence from the starry heavens except in the eve- 
ning and towards morning, has rendered her an object of 
peculiar interest among the celestial bodies. 

Sometimes Venus appears to recede from the Sun, and 
then approach him, and as her orbit is within that of the 
earth, her distance from us varies from 27,000,000 to 
163,000,000 of miles. When nearest the earth she forms 
her inferior conjunction with the Sun ; that is, she is be- 
tween us and him, and hence being overpowered with his 
light is invisible. When at the greatest distance from us, 
she forms her superior conjunction with that luminary, and 
for the same reason 



again becomes invisible 
to us. 

These phenomena 
will be understood by 
the following explana- 
tions in connection with 
Fig. 219, which 'we 
quote from Dr. Dick. 

Let the earth be sup- 
posed at K, then when 
Venus is in the position 
marked A, it is in a 
line with the Sun as 
seen from the earth, 
and is then in its supe- 
rior conjunction, being 



Fig. 219. 




Phases of Venus. 
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in the remotest part of its orbit. When in this position, the 
whole of its enlightened hemisphere is towards the earth, 
but ia invisible on account of the Sun's light. As it moves 
from A to B. being from west to east, which is called its 
direct motion, it begins to appear after sunset as the evening 
star. When at B, it appears among the stars at L, 
when it appears in a gibbous shape, nearly half its disc be- 
ing luminous. When at C, it appears among the stars at 
M, nearly in the form of a half moon. At D, being at the 
point of its greatest elongation, it has the form of a half 
moon, and is seen among the stars at N. It now appears, 
for some time to be stationary, because moving nearly in a 
straight line toward the earth, its motion is not seen ; when 
it again appears to move rapidly, but in a contrary direction 
from before, or, from east to west, during which it presents 
the form of a crescent. It now gradually becomes so over- 
powered by the Sun's rays as again to be invisible to the 
naked eye, and when arrived at E, forms her inferior con- 
junction with the Sun, and her nearest approach to the Earth. 
In this position, Venus is 36,000.000 miles nearer the 
Earth than when in her superior conjunction, and hence the 
great difference in her apparent size, and the lustre with 
which she shines upon us. When near her superior con- 
junction, almost her entire disc is enlightened to us, and yet 
she appears like a faint star when compared with her lustre 
when near her inferior conjunction, and when only her small 
crescent is turned towards us. 

Having passed her inferior conjunction, her light becomes 
less and less until she again becomes invisible, as she again 
approaches her superior conjunction, as before. 

When Venus is in that part of her orbit which gives her 
the appearance of being west of the Sun, she rises before 
him, and is then called the morning star; and when she ap- 
pears east of the Sun, she is behind him in her course, and 
is then called the evening star. These periods do not agree, 
either with the yearly revolution of the Earth, or of Venus, 



Where is the orbit of Venus, in respect to that of the Earth 1 What is the time 
of Venus' revolution round the Sun! How often does she turn on her axis? 
What is said of the height of the mountains in Venus ? On what account are the 
transits Of Venus observed with greal rare ! What isthe least and greatest distance 
of Venus from the Earth > When is she in her inferior, and when in her superior 
conjunction w.th the .sun ? Why is she invisible in those two poadonsT Describe 
by means of Fig. 219, the phases of Venus, from her superior to her inferfor .con- 
junction with tlfe Sun. Whv is the light of Venus to us SO much less at some times 
thanat others? How much nearer tne earth is this planet at her inferior than at 
h. r super ..conjunction ! When is Venus the morning, and when the evening star f 
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for she is alternately 290 days the morning star, and 290 
days the evening star. The reason of this is, that the Earth 
and Venus move round the Sun in the same direction, and 
hence her relative motion, in respect to the Earth, is much 
slower than her absolute motion in her orbit. If the Earth 
had no yearly motion, Venus would be the morning star one 
half of the year, and the evening star the other half. 

THE EARTH. 

837. The next planet in our system, nearest the Sun, is 
the Earth. Her diameter is 8,000 miles. This planet re- 
volves around him in 365 days, 5 hours, and 48 minutes ; 
and at the distance of 95 millions of miles. It turns round 
its own axis once in 24 hours, making a day and a night. 
The Earth's revolution around the Sun is called its annual 
or yearly motion, because it is performed in a year ; while 
the revolution around its own axis, is called the diurnal or 
daily motion, because it takes place every day. The earth's 
motion in her orbit is at the rate of 68,000 miles per hour. 
The figure of the Earth, with the phenomena connected 
with her motion, will be explained in another place. 



838. The Moon, next to the Sun, is, to us, the most bril- 
liant and interesting of all the celestial bodies. Being the 
nearest to us of any of the heavenly orbs, and apparently 
designed for our use, she has been observed with great atten- 
tion, and many of the phenomena which she presents, are 
therefore better understood and explained, than those of the 
other planets. 

While the Earth revolves round the sun in a year, it is 
attended by the Moon, which makes a revolution round the 
Earth once in 27 days, 7 hours, and 43 minutes. The dis- 
tance of the Moon from the Earth is 240.000 miles, and her 
diameter about 2,000 miles. 

Her surface, when seen through a telescope, appears di- 
versified with hills, mountains, valleys, rocks, and plains, 
presenting a most interesting and curious aspect : but the 

What is said of the telescopic view of Venus ? How long is Venus the morning 
and how long the evening star? How long dots it take the Eirth to revolve round 
the Sun ? What is meant by Ihe Earth's annual r< volution, and what by hi r diur- 
nal revolution ? Why are the ph( nomr-na of the Moon bi It. r i xpIailH d than those 
of the other planets t In what time is a revolution of the Moon about the Earth 
performed ? What is the distance of the Moon from the Earth ' 
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explanation of these phenomena are reserved for another 
section. 



839. The next planet in the solar system, is Mars, his or- 
bit surrounding that of the Earth. The diameter of this 
planet is upwards of 4,000 miles, being about half that of 
the Earth. The revolution of Mars around the Sun. is per- 
formed in nearly 6S7 days, or in somewhat less than two 
of our years, aad he turns on his axis once in 24 hours and 
40 minutes. His mean distance from the Sun is 144,000,000 
of miles, so that he moves in his orbit at the rate of about 
55,000 miles in an hour. The days and nights at this 
planet, and the different seasons of the year, bear a consid- 
erable resemblance to those of the Earth. The density of 
Mais is less than that of the Earth, being only three times 
that of water. 

Fie. 220. 




Telescopic Pltases of Mars. 

840. Telescopic view of Mars. — This planet, to the naked 
eye, reflects a yellowish, or dull red light, by which he may 
be distinguished from all the others. His telescopic appear- 
ance is quite peculiar, and often interesting, on account of 
the changes his face presents, being sometimes spotted, then 
striped, then clouded, and so on ; and sometimes all these 
figures appear at the same time, presenting a great variety 
of aspects, some of which are represented by Fig. 220. It 
is difficult to account for these appearances, though they are 
attributed to dense vapor in the atmosphere of the planet. 

Mare has an atmosphere of great density and extent, as is 

What is the diameter of Mars? How much longer is a year at Mars than our 
year ! What is his rate of motion in his orbit ! What is his appearance through 
thi t I scope I How is it proved that Mars lias an atmosphere of great density! 
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proved by the dim appearance of the fixed stars, when seen 
through it. When any of the stars are seen nearly in a line 
with this planet, they give a faint, obscure light, and the 
nearer they approach the line of his disc, the fainter is their 
light, until the star is entirely obscured from the sight. 

This planet sometimes appears much larger to us than at 
others, and this is readily accounted for by his greater or 
less distance. At his nearest approach to the Earth, his 
distance is only 50 millions of miles, while his greatest dis- 
tance is 240 millions of miles ; making a difference in his 
distance of 190 millions of miles, or the diameter of the 
Earth's orbit. 

The Sun's heat at this planet is less than half that 
which we enjoy. 

To the inhabitants of Mars, our planet appears alternately 
as the morning and evening star, as Venus does to us. 

VESTA, JUNO, PALLAS, AND CERES. 

841. These planets were unknown until recently, and are 
therefore sometimes called the new planets. It has been 
mentioned, that they are also called Asteroids. 

842. The orbit of Vesta is next in the solar system to 
that of Mars. This planet was discovered by Dr. Olbers, 
of Bremen, in 1807. The light of Vesta is of a pure white, 
and in a clear night she may be seen with the naked eye, 
appearing about the size of a star of the 5th or 6th magni- 
tude Her revolution round the Sun is performed in three 
years and 66 days, at the distance of 225 millions of miles 
from him. 

843. Juno was discovered by Mr. Harding, of Bremen, 
in 1804. Her mean distance from the Sun is 275 millions 
of miles. Her orbit is more elliptical than that of any other 
planet, and, in consequence, she is sometimes 127 millions of 
miles nearer the Sun than at others. This planet completes 
its annual revolution in 4 years and about 4 months, and 
revolves round its axis in 27 hours. Its diameter is 1,400 
miles. 

844. Pallas was also discovered by Dr. Olbers, in 1802. 
Its distance from the Sun is 266 millions of miles, and its 

Why does Mars sometimes appear to us larger than at others 1 New great is the 
Sun's heat at Mars'! Which are the new planets, or asteroids 1 When was Vesta 
discovered! What is the period of Vestas annual revolution 1 When was Juno 
discovered I What is her <! stance from the Sun .' What is the period of hei n '• 
oiiiiK.u. ami what her d'anieter ! What is pa d of Pallas anil Ceres'! Wliatislhe 
diameter of Jupiter 1 Whal is h s di&taiice from the Sun I 
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periodic revolution round him, is performed in 4 years and 7 
months. Diameter 80 miles. 

8 15. Ceres was discovered in 1801. by Piazzi, of Palermo. 
This planet performs her revolution in the same time as 
Pallas, being 4 years and 7 months. Her distance from 
the Sun, 260 millions of miles. According to Dr. Herschel, 
this planet is only about 160 miles in diameter 



846. Jupiter is 89,000 miles i/i diameter, and performs his 
annual revolution once in about 1 1 years, at the distance of 
490 millions of miles from the Sun. This is the largest 
planet in the solar system, being about 1,400 times larger 
than the Earth. His diurnal revolution is performed in nine 
hours and fifty-six minutes, giving his surface, at the equator, 
a motion of 28,000 miles per hour. This motion is about 
twenty times more rapid than that of our Earth at the 

i or. 

847. Jupiter, next to Venus, is the most brilliant of the 
planets, though the light and heat of the Sun on him is 
nearly 25 times less than on the earth. 

This planet is distinguished from all the others, by an 
trance resembling bands, which extend across bis disc. 




Belts of Jupiter. 



These are termed belts, and are variable, both in respect to 
number and appearance. Sometimes seven or eight are seen, 

What is the period of Jupiter's diurnal revolution 1 What is the Sun's heat aad 
ghl at Jupiter, When compared will, thai of the Earth? For • what is Jupiter par- 
cularly distinguished ' Is the appearance ot Jupiter's belts always the same, or do 



li 

ticularly distinguish 

they change! 
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several of which extend quite across his face, while others 
appear broken, or interrupted. 

These bands, or belts, when the planet is observed through 
a telescope, appear as represented in Fig, 221. This appear- 
ance is much the most common, the belts running quite 
across the face of the planet in parallel lines. Sometimes, 
however, his aspect is quite different from this, for in 1780, 
Dr. Herschel saw the whole disc of Jupiter covered with 
small curved lines, each of which appeared broken, or inter- 
rupted, the whole having a parallel direction across his disc, 
as in Fig. 222. 

Fig. 222. 




Occasional Views of Jupiter. 

Different opinions have been advanced by astronomers 
respecting the cause of these appearances. By some they 
have been regarded as clouds, or as openings in the atmos- 
phere of the planet, while others imagine that they are the 
marks of great natural changes, or revolutions, which are 
perpetually agitating the surface of that planet. It is, how- 
ever, most probable, that these appearances are produced by 
the agency of some cause, of which we, on this little Earth, 
must always be entirely ignorant. 

848. Jupiter has four satellites, or moons, two of which 
are sometimes seen with the naked eye. They move round, 
and attend him in his yearly revolution, as the Moon does 
our Earth. They complete their revolutions at different 
periods, the shortest of which is less than two days, and the 
longest seventeen days. 



What is said of the cause of Jupiter's beltf d appearance ? How many moons has 
Jupiter, and what are the periods of their revolutions? What occasions the eclipses 
of Jupiter's moons? 
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Eclipses of Jupiter's Moons. — These satellites often fall 
into the shadow of their primary, in consequence of which 
they are eclipsed, as seen from the Earth. The eclipses of 
Jupiter's moons have been observed with great care by 
astronomers, because they have been the means of deter- 
mining the exact longitude of places, and the velocity with 
which light moves through space. How longitude is deter- 
mined by these eclipses, cannot be explained or understood 
at this place, but the method by which they become the 
means of ascertaining the velocity of light, may be readily 
comprehended. An eclipse of one of these satellites appears, 
by calculation, to take place sixteen minutes sooner, when the 
Earth is in that part of her orbit nearest to Jupiter, than it 
does when the Earth is in that part of her orbit at the 
greatest distance from him. Hence, light is found to be 
sixteen minutes in crossing the Earth's orbit, and as the Sun 
is in the centre of this orbit, or nearly so, it must take about 
eight minutes for the light to come from him to us. Light, 
therefore, passes at the velocity of 95 millions of miles, our 
distance from the Sun, in about eight minutes, which is 
nearly 200,000 miles in a second. 



849. The planet Saturn revolves round the Sun in a period 
of about 30 of our years, and at the distance from him of 
900 millions of miles. His diameter is 79,000 miles, making 
his bulk nearly nine hundred times greater than that of the 
Earth, but notwithstanding this vast size, he revolves on his 
axis once in about ten hours. Saturn, therefore, performs 
upwards of 25,000 diurnal revolutions in one of his years, 
and hence his year consists of more than 25,000 days ; a 
period of time equal to more than 10,000 of our days. On 
account of the remote distance of Saturn from the Sun, he 
receives only about a 90th part of the heat and light which 
we enjoy on the Earth. But to compensate, in some degree, 
for this vast distance from the Sun, Saturn has seven moons, 
which revolve round him at different distances, and at various 
periods, from 1 to 80 days. 

Of what uses are these eclipses to astronomers'! How is the velocity of light 
| ft 1 1, mied by the eclipses of Jupiter's satellites? What is the time of Saturn's 
revolution round the Sun 1 What is his distance from the Sun 7 What 
ins diameter'! What is the period of his diurnal revolution ! How many days 
make a year at Saturn ? How many moons has Saturn ? How is Saturn particu- 
larly distinguished from all the other planets I 
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850. Rings of Saturn. — Saturn is distinguished from the 
other planets by his ring, as Jupiter is by his belt. When 
this planet is viewed through a telescope, he appears sur- 
rounded by an immense luminous circle, which is represented 
by Fig. 223. 

There are indeed two luminous circles, or rings, one within 
the other, with a dark space between them, so that they do 
not appear to touch each other. Neither does the inner 
ring touch the 

body of the Fig. 223. 

planet, there 
being by esti- 
mation, about 
the distance 
of thirty thou- 
sand miles be- 
tween them. 

The exter- 
nal circumfer- 
ence of the 

outer ring is 640,000 miles, and its breadth from the outer to 
the inner circumference, 7,200 miles, or nearly the diameter 
of our Earth. The dark space, between the two rings, or 
the interval between the inner and the outer ring, is 2,800 
miles. 

This immense appendage revolves round the Sun with the 
planet, — performs daily revolutions with it, and, according to 
Dr. Herschel, is a solid substance, equal in density to the 
body of the planet itself. 

The design of Saturn's ring, an appendage so vast, and 
so different from any thing presented by the other planets, 
has always been a matter of speculation and inquiry among 
astronomers. One of its most obvious uses appears to be 
that of reflecting the light of the Sun on the body of the 
planet, and possibly it may reflect the heat also, so as in 
some degree to soften the rigor of so inhospitable a climate. 

851. As this planet revolves around the Sun, one of its 
sides is illuminated during one half of the year, and the 
other side during the other half; so that, as Saturn's year is 
equal to thirty of our } T ears. one of his sides will be enlight- 



Saturn and his Ring. 



What distance is there between the body of Saturn and his inner ring ? Wtiat dis- 
tance is there between Ins inner and outer ring ? What is the circumference of the 
outer rins 1 Hmv long is oni i i Saturn's s!d< s alt< mat. Iv in the lipht and dark ? In 
what position is Saturn renr e!>ted by FiQ ! J3 ' 
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ened and darkened, alternately, every fifteen years, as the 
poles of our Earth are alternately in the light and dark 
ever? year 

Fig. 224 represents Saturn as seen by an eye, placed at 
right-angles to the plane of his ring. When seen from the 
Earth, his position is always oblique as represented by 
Fig. 223. 



The inner white cir- 
cle represents the body 
of the planet, enlight- 
ened by the Sun. The 
dark circle next to this, 
is the unenlightened 
space between the body 
of the planet and the 
inner ring, being the 
dark ^expanse of the 
heavens beyond the 
planet. The two white 
circles are the rings of 
the planet, with the 
dark space between 
them, which also is the 
dark expanse of the 
heavens. 



Fig. 224. 




Direct View of Saturn. 



HERSCHEL. 



852. In consequence of some inequalities in the motions 
of Jupiter and Saturn, in their orbits, several astronomers had 
suspected that there existed another planet beyond the orbit 
of Saturn, by whose attractive influence these irregularities 
were produced. This conjecture was confirmed by Dr. 
Herschel, in 1781, who in that year discovered the planet, 
which is now generally known by the name of its discoverer, 
though called by him Georgium Sidus. The orbit of Her- 
schel is beyond that of Saturn, and at the distance of 1,800 
millions of miles from the Sun. To the naked eye this 
planet appears like a star of the sixth magnitude, being, with 
the exception of some of the comets, the most remote body, 
so far as is known in the solar system. 

853. Herschel completes his revolution round the Sun in 
nearly 84ofjo^year^^ 

, a ,„ tho /Wnvpvv'of Herschel ? In what year, and by 
J^wSSSSTda^S? $SM distance of Herschel fro. the Sunl 
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15,000 miles in an hour. His diameter is 35,000 miles, so 
that his bulk is about eighty times that of the Earth. The 
light and heat of the Sun at Herschel, is about 360 times 
less than it is at the Earth, and yet it has been found, by 
calculation, that this light is equal to 248 of our full Moons, 
a striking proof of the inconceivable quantity of light emit- 
ted by the Sun. 



Fig. 225. 



Herschel 




Relative distance of the Planets. 

This planet has six satellites, which revolve round him at 
various distances, and in different times. The periods of 
some of these have been ascertained, while those of the 
others remain unknown. 



In what period is his revolution round the Sun performed 1 What is the diameter 
of Herschel 1 What is the quantity of light and neat at Herschel, when compared 
with that of the Earth 1 
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854/Relative Situations of the Planets. — Having now- 
given a short account of each planet composing the solar 
system, the relative situation of their several orbits, with the 
exception of those of the Asteroids, are shown by Fig. 225. 

In this figure, the orbits are marked by the signs of each 
planet, of which the first, or that nearest the Sun, is Mer- 
cury, the next Venus, the third the Earth, the fourth Mars ; 
then come those of the Asteroids, then Jupiter, then Saturn, 
and lastly Herschel. 

855. Comparative Dimensions of the Planets. — The 
comparative dimensions of the planets are delineated at 
Fig. 226. 

Fig. 226. 




Mercury M {Z? 

Relative Sizes of the Planets. 
MOTIONS OF THE PLANETS. 

856. It is said, that when Sir Isaac Newton was near 
demonstrating the great truth, that gravity is the cause 
which keeps the heavenly bodies in their orbits, he became 
so agitated with the thoughts of the magnitude and conse- 
quences of this discovery, as to be unable to proceed with 
his demonstrations, and desired a friend to finish what the 
intensity of his feelings would not allow him to complete 

We have seen, in a former part of this work (155) that 
all undisturbed motion is straight forward, and that a body 
projected into open space, would continue, perpetually to 
move in a right line, unless retarded or drawn out of this 
course by some external cause. 
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857. To account for the motions of the planets in their 
orbits, we will suppose that the Earth, at the time of its 
creation, was thrown by the hand of the Creator into open 
space, the Sun having been before created and fixed in his 
present place. 

858. Circular Motion of the Planets. — Under Compound 
motion, (164,) it has been shown, that when a body is acted 
on by two forces perpendicular to each other, its motion will 
be in a diagonal between the direction of the two forces. 

But we will again here 
suppose that a ball is moving Fig. 227. 

in the line m x, Fig. 227, with 
a given force, and that an- 
other force half as great 
should strike it in the direction 
of n, the ball would then 
describe the diagonal of a 
parallelogram, whose length 
would be just equal to twice 

its breadth, and the line of the ball would be straight, 
because it would obey the impulse and direction of these 
two forces only. 

Now let a, Fig. 228, 
represent the Earth, and 
S the Sun ; and suppose 
the Earth to be moving 
forward, in the line from 
a to b, and to have ar- 
rived at a, with a veloc- 
ity sufficient, in a given 
time, and without dis- 
turbance, to have carried 
it to b. But at the point 
a, the Sun, S, acts upon 
the Earth with his at- 
tractive power, and with 
a force which would 



Fis. 228. 

b 




Circular Motion of the Planets. 



draw it to c, in the same space of time that it would other- 
wise have gone to b. Then the Earth, instead of passing 
to b, in a straight line, would be drawn down to d, the diag- 



Suppose a body to be acted on by two forces perpendicular fo each other, in what 
direction will it move 7 Why does the ball, Fig. 227. move in a straight line ? Why 
does the Earth, Fig. 228, move in a curved line 1 Explain Fig. 228, and show how 
the two forces act to produce a circular line of motion ? 
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onal of the parallelogram, a, b, d, c. The line of direction, 
in Fig. 227, is straight, because the body moved obeys only 
the direction of the two forces, but it is curved from a to d, 
Fi<r. 228, in consequence of the continued force of the Sun's 
attraction, which produces a constant deviation from a right 
line. 

When the Earth arrives at d, still retaining its projectile 
or centrifugal force, its line of direction would be towards n, 
but while it would pass along to n without disturbance, the 
attracting force of the Sun is again sufficient to bring it to 
e in a straight line, so that, in obedience to the two impulses, 
it again describes the curve to o./ 

859. It must be remembered,' in order to account for the 
circular motions of the planets, that the attractive force of 
the Sun is not exerted at once, or by a single impulse, as is 
the case with the cross forces, producing a straight line, but 
that this force is imparted by degrees, and is constant. 
It therefore acts equally on the Earth, in all parts of the 
course from a to d, and from d to o. From o. the Earth 
having the same impulses as before, it moves in the same 
curved or circular direction, and thus its motion is continued 
perpetually. 

860. The tendency of the Earth to move forward in a 
straight line, is called the centrifugal force, and the attraction 
of the Sun, by which it _ . 

is i Irawn downwards, or ^ l S- ^ y - 

towards a centre, is 
called its centripetal 
force, and it is by these 
two forces that the 
planets are made to 
perforin their constant 
revolutions around the 
Sun, (174.) 

861. Elliptical Orbits. 
— In the above explana- 
tion, it has been sup- 
posed that the Sun's at- 
traction, which consti- 
tutes the Earth's grav- ^ 

ity, Was at all times Elliptical Orbits. 




What i.s the projectile force of the Earth called ? What Is the attractive force of the 
Sun, which draws the Earth towards him, called ? 
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equal, or that the Earth was at an equal distance from the 
Sun, in all parts of its orbit . But, as heretofore explained, the 
orbits of all the planets are elliptical, the Sun being placed 
in the lower focus of the ellipse. The Sun's attraction is, 
therefore, stronger in some parts of their orbits than in 
others, and for this reason their velocities are greater at 
some periods of their revolutions than at others. 

To make this understood, suppose, as before, that the cen- 
trifugal and centripetal forces so balance each other, that the 
Earth moves round the elliptical orbit a, e, b, Fig. 229, until it 
comes to the point e; and at this point, let us suppose, that 
the gravitating force is too strong for the force of projection, 
so that the Earth, instead of continuing its former direction 
towards b, is attracted by the Sun s, in the curve c, c. When 
at c, the line of the Earth's projectile force, instead of tending 
to carry it farther from the Sun, as would be the case were 
it revolving in a circular orbit, now tends to draw it still nearer 
to him, so that at this point, it is impelled by both forces 
towards the Sun. From c, therefore, the force of gravity 
increasing in proportion as the square of the distance be- 
tween the Sun and Earth diminishes, the velocity of the 
Earth will be uniformly accelerated, until it arrives at the 
point nearest the Sun, d. At this part of its orbit, the Earth 
will have gained, by its increased velocity, so much centri- 
fugal force, as to give it a tendency to overcome the Sun's 
attraction, and to fly off in the line, d, o. But the Sun's 
attraction being also increased by the near approach of the 
Earth, the Earth is retained in its orbit, notwithstanding its 
increased centrifugal force, and it therefore passes through 
the opposite part of its orbit, from d to g, at the same dis- 
tance from him that it approached. As the Earth passes 
from the Sun, the force of gravity tends continually to retard 
its motion, as it did to increase it while approaching him. 
But the velocity it had acquired in approaching the Sun, 
gives it the same rate of motion from d to g, that it had from 
c to d. From g, the Earth's motion is uniformly retarded, 
until it again arrives at c, the point from which it com- 
menced, and from whence it describes the same orbit, by 
virtue of the same forces as before. 

The Earth, therefore, in its journey round the Sun, moves 
at very unequal velocities, sometimes being retarded, and 
then again accelerated, by the Sun's attraction/ 

Explain Fig. 229, and show the reason why the velocity is increased from c to 
d, and why is it not retarded from d to g. 
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862: Planets pass equal Areas in equal times.. — It is an 

interesting circumstance, 



Fig. 230 




Elliptical Orbits 



respecting the motions of 
the planets, that if the 
contents of their orbits be 
divided into unequal tri- 
angles, the acute angles 
of which centre at the 
Sun, with the line of the 
orbit for their bases, the 
centre of the planet will 
pass through each of 
these bases in equal 
times. 

This will be understood 
by Fig. 230, the elliptical 
circle being supposed to 
be the Earth's orbit, with 
the Sun, S, in one of the 
foci. 

Now the spaces, 1, '2, 
3,&c.,though of different 

shapes, are of the same dimensions, or contain the same 
quantity of surface. The Earth, we have already seen, in 
its journey round the Sun, describes an ellipse, and moves 
more rapidly in one part of its orbit than in another. But 
whatever may be its actual velocity, its comparative motion 
is through equal areas in equal times. Thus its centre 
passes from E to C, and from C to A, in the same period of 
time, and so of all the other divisions marked in the figure. 
If the figure, therefore, be considered the plane of the Earth's 
orbit, divided into 12 equal areas, answering to the 12 months 
of the year, the Earth will pass through the same areas in 
every month, but the spaces through which it passes will be 
increased, during every month, for one half the year, and 
diminished, during every month, for the other half. 

863. Why the Planets do not fall to the Sun. — The reason 
why the planets, when they approach near the Sun, do not 
fall to him, in consequence of his increased attraction, and 
why they do not fly off into open space, when they recede to 
the greatest distance from him, may be thus explained. 

864. Taking the Earth as an example, we have shown 



What is meant by a planet's passing through equal spaces in equal times 1 
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that when in the part of her orbit nearest the Sun, her velo- 
city is greatly increased by his attraction, and that conse- 
quently the Earth's centrifugal force is increased in propor- 
tion. As an illustration of this, we know that a thread 
which will sustain an ounce ball, when whirled round in the 
air, at the rate of 50 revolutions in a minute, would be broken, 
were these revolutions increased to the number of 60 or 70 
in a minute, and that the ball would then fly oft" in a straight 
line. This shows that when the motion of a revolving body 
is increased, its centrifugal force is also increased. Now, the 
velocity of the earth increases in an inverse proportion, as 
its distance from the Sun diminishes, and in proportion to 
the increase of velocity is its centrifugal force increased ; so 
that, in any other part of its orbit, except when nearest the 
Sun, this increase of velocity would carry the Earth away 
from its centre of attraction. But this increase of the Earth's 
velocity is caused by its near approach to the Sun, and con- 
sequently the Sun's attraction is increased, as well as the 
Earth's velocity. In other terms, when the centrifugal force 
is increased, the centripetal force is increased in proportion, 
and thus, while the centrifugal force prevents the Earth 
from falling to the Sun, the centripetal force prevents it from 
moving off in a. straight* line. 

865. When the Earth is in that part of its orbit most dis- 
tant from the Sun, its projectile velocity being retarded by 
the counter force of the Sun's attraction, becomes greatly 
diminished, and then the centripetal force becomes stronger 
than the centrifugal, and the Earth is again brought back 
by the Sun's attraction, as before, and in this manner its mo- 
tion goes on without ceasing. It is supposed, as the planets 
move through spaces void of resistance, that their centrifugal 
forces remain the same as when they first emanated from 
the hand of the Creator, and that this force, without the in- 
fluence of the Sun's/ attraction, would carry them forward 
into infinite space. / 

THE EARTH. 

866. Proofs of the Eartli's diurnal revolution. It is al- 
most universally believed, at the present day, that the appa- 
rent daily motion of the heavenly bodies from east to west, 

How is it shown, that if the motion of a revolving body is increased, its projectile 
force is also mi run;, d ? By what force is lh> Earth's velocity increased as it ap- 
proaches the Sun 1 When the Earth is nearesl I lit- Sun. why dors it nol tail to him'? 
When the Earth's centrifugal force is greatest, what prevents its Hying from the Sun J 
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is caused by the real motion of the Earth from west to east, 
and yet there are comparatively few who have examined the 
evidence on which this belief is founded. For this reason, 
we will here state the most obvious, and to a common ob- 
server, the most convincing proofs of the Earth's revolution. 
These are, first, the inconceivable velocity of the heavenly 
bodies, and particularly the fixed stars, around the Earth, if 
she stands still. Second, the fact that all astronomers of 
the present age agree, that every phenomenon which the 
heavens present, can be best accounted for, by supposing the 
Earth to revolve. Third, the analogy to be drawn from 
many of the other planets, which are known to revolve on 
their axes ; and fourth, the different lengths of days and nights 
at the different planets, for did the Sun revolve about the so- 
lar system, the days and nights at many of the planets must 
be of similar lengths. 

867. The distance of the Sun from the Earth being 95 
millions of miles, the diameter of the Earth's orbit is twice 
its distance from the Sun, and, therefore, 190,000,000 of 
miles. Now, the diameter of the Earth's orbit, when seen 
from the nearest fixed star, is a mere point, and were the 
orbit a solid mass of opaque matter, it could not be seen, 
with such eyes as ours from such a distance. This is 
known by the fact, that these stars appear no larger to us, 
even when our sight is assisted by the best telescopes, when 
the Earth is in that part of her orbit nearest them, than 
when at the greatest distance, or in the opposite part of 
her orbit. The approach, therefore, of 190,000,000 of miles 
towards the fixed stars, is so small a part of their whole 
distance from us, that it makes no perceptible difference in 
their appearance. Now, if the Earth does not turn on her 
axis once in 24 hours, these fixed stars must revolve around 
the Earth at this amazing distance once in 24 hours. If 
the Sun passes around the Earth in 24 hours, he must travel 
at the rate of nearly 400.000 miles in a minute ; but the 
fixed stars are at least 400,000 times as far beyond the Sun, 
as the Sun is from us, and, therefore, if they revolve around 
the Earth, must go at the rate of 400,000 times 400,000 
miles, that is, at the rate of 160,000,000,000, or 160 billions 
of miles in a minute ; a velocity of which we can have no 
more conception than of infinity or eternity. 

868. In respect to the analogy to be drawn from the 
known revolutions of the other planets, and the different 



What are the most obvious and convinc ing proofs that the Earth revolves on its axis ? 
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length of days and nights among them, it is sufficient to 
state, that to the inhabitants of Jupiter, the heavens appear 
to make a revolution in about 1 hours, while to those of 
Venus, they appear to revolve once in 23 hours, and to the 
inhabitants of the other planets a similar difference seems 
to take place, depending on the periods of their diurnal revo- 
lutions. Now, there is no more reason to suppose that the 
heavens revolve round us, than there is to suppose that they 
revolve around any of the other planets, since the same ap- 
parent revolution is common to them all ; and as we know 
that the other planets, at least many of them, turn on their 
axes, and as all the phenomena presented by the Earth, can 
be accounted for by such a revolution, it is folly to conclude 
otherwise. 



CIRCLES AND DIVISIONS OF THE EARTH. 

869. It will be necessary for the pupil to retain in his 
memory the names and directions of the following lines, or 
circles, by which the Earth is divided into parts. These 
lines, it must be understood, are entirely imaginary, there 
being no such divisions marked by nature on the Earth's 
surface. They are, however, so necessary, that no accurate 
description of the Earth, or of its position with respect to 
the heavenly bodies, can be conveyed without them. 

The Earth, . 
whose diameter is Fig. 231. 

7,912 miles, is re- 
presented by the 
globe, or sphere, 
Fig. 231. The 
straight line pass- 
ing through its 
centre, and about 
which it turns, is 
called its axis, and 
the two extremi- 
ties of the axis 
are the poles of 
the Earth, A be- 
ing the north pole, 
and B the south 
pole. The line C 
D, crossing the 
axis, passes quite 




Divisions of the Earth. 



CIRCLES AND DIVISIONS OF THE EARTH. 303 

round the Earth, and divides it into two equal parts. This 
is called the equinoctial line, or the equator. That part of 
the Earth situated north of this line, is called the northern 
hemisphere, and that part south of it, the southern hemisphere. 
The small circles E F and G H, surrounding or including 
the poles, are called the polar circles. That surrounding 
the north pole is called the arctic circle, and that surrounding 
the south, the antartic circle. Between these circles, there 
is on each side of the equator, another circle, which marks 
the extent of the tropics towards the north and south, from 
the equator. That to the north of the equator, I K, is called 
the tropic of Cancer, and that to the south, L M, the tropic 
of Capricorn. The circle L K, extending obliquely across 
the two tropics, and crossing the axis of the Earth, and the 
equator at their point of intersection, is called the ecliptic. 
This circle, as already explained, belongs rather to the 
heavens than the Earth, being an imaginary extension of 
the plane of the Earth's orbit in every direction towards the 
stars. The line in the figure, shows the comparative posi- 
tion or direction of the ecliptic in respect to the equator, and 
the axis of the Earth. 

Meridian Lines. The lines crossing those already de- 
scribed, and meeting at the poles of the Earth, are called 
meridian lines, or mid-day lines, for when the Sun is on the 
meridian of a place, it is the middle of the day at that place, 
and as these lines extend from north to south, the Sun shines 
on the whole length of each, at the same time, so that it is 
12 o'clock, at the same time, on every place situated on the 
same meridian. 

Zones. The spaces on the Earth, between the lines ex- 
tending from east to west, are called zones. That which 
lies between the tropics, from M to K, and from I to L, is 
called the torrid zone, because it comprehends the hottest 
portion of the Earth. The spaces which extend from the 
tropics, north and south, to the polar circles, are called tem- 
perate zones, because the climates are temperate, and neither 
scorched with heat, like the tropics, nor chilled with the cold, 

Were the Earth's orbit a solid mass, could it be seen by us at the distance of the 

If the heavens appear to revolve every 10 hours i at Jo p t« r, an, a y 

the Earth, how can this difference be accoun ledj R r, I. V « h d 

any more reason to believe that the Bon: rev ves o or, 1 >e . i acC0UIlted fo ' r 

of ihe other planets ! How cana he a nomena ol m what are the 

if the planets do not revolve ! What is the axis oi me E.; 

of the Earth 1 
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like the frigid zones. That lying north of the tropic of 
Cancer, is called the north temperate zone, and that south of 
the tropic of Capricorn, the southern temperate zone. The 
spaces included in the polar circles, are called the frigid 
zones. The lines which divide the globe into two equal 
parts, are called the great circles ; these are the ecliptic and 
the equator. Those dividing the Earth into smaller parts 
are called the lesser circles ; these are the lines dividing the 
tropics from the temperate zones, and the temperate zones 
from the frigid zones, &c. 



870. The horizon is distinguished into the sensible and 
rational. The sensible horizon is that portion of the surface 
of the Earth which bounds our vision, or the circle around 
us, where the sky seems to meet the Earth. When the 
Sun rises, he appears above the sensible horizon, and when 
he sets, he sinks below it. The rational horizon is an imag- 
inary line passing through the centre of the Earth, and di- 
viding it into two equal parts. 

871. Direction of the Ecliptic. The ecliptic, (819,) we 
have already seen, is divided into 360 equal parts, called de- 
grees. All circles, however large or small, are divided into 
degrees, minutes, and seconds, in the same manner as the 
ecliptic. 

872. The axis of the ecliptic is an imaginary line passing 
through its centre and perpendicular to its plane. The ex- 
tremities of this perpendicular line, are called the poles of the 
ecliptic. 

If the ecliptic, or great plane of the earth's orbit, be con- 
sidered on the horizon, or parallel with it, and the line of the 
Earth's axis be inclined to the axis of this plane, or the axis 
of the ecliptic, at an angle of 23-£ degrees, it will represent, 
the relative positions of the orbit, and the axis of the Earth. 

These positions are, however, merely relative, for if the 
position of the Earth's axis be represented perpendicular to 
the equator, as A B, Fig. 231, then the ecliptic will cross this 
plane obliquely, as in that figure. But when the Earth's 

What is the equator? Where are the northern and southern hemispheres'! 
What are the polar circles ? Which is the arctic, and which is the antarctic circle ? 
Where is the tropic of Cancer and where the tropic of Capricorn ? What is the 
ecliptic'? What are the meridian lines? On what part ot the Earth is the torrid 
zone? How are the north and south tempt rale zones bounded? When are the 
frigid zones ? Which are the great, and which the lesser circles of the Earth ? 
How is the sensible horizon distinguished from the rational t 
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orbit is considered as having no inclination, its axis of course 
will have an inclination to the axis of the ecliptic, of 23-£ 
degrees. 

As the orbits of all the other planets are inclined to the 
ecliptic, perhaps it is the most natural and convenient method 
to consider this as a horizontal plane, with the equator in- 
clined to it, instead of considering the equator on the plane 
of the horizon, as is sometimes done. 

873. Inclination of the Earth's Axis. The inclination 
of the Earth's axis to the axis of its orbit never varies, but 
always makes an angle with it of 23£ degrees, as it moves 
round the Sun. The axis of the Earth is therefore always 
parallel with itself. That is, if a line be drawn through the 
centre of the Earth, in the direction of its axis, and extended 
north and south, beyond the Earth's diameter, the line so 
produced will always be parallel to the same line, or any 
number of lines, so drawn, when the Earth is in different 
parts of its orbit. 

874. Suppose a rod to be fixed into the fiat surface of a 
table, and so inclined as to make an angle with a perpen- 
dicular from the table of 23-^ degrees. Let this rod repre- 
sent the axis of the Earth, and the surface of the table, the 
ecliptic. Now place on the table a lamp, and round the 
lamp hold a wire circle three or four feet in diameter, so that 
it shall be parallel with the plane of the table, and as high 
above it as the flame of the lamp. Having prepared a small 
terrestrial globe, by passing a wire through it for an axis, 
and letting it project a few inches each way, for the poles, 
take hold of the north pole, and carry it round the circle 
with the poles constantly parallel to the rod rising above the 
table. The rod being inclined 23-£ degrees from a perpen- 
dicular, the poles and axis will be inclined in the same de- 
gree, and thus the axis of the earth will be inclined to that 
of the ecliptic every where in the same degree, and lines 
drawn in the direction of the Earth's axis will be parallel 
to each other in any part of its orbit. 

This will be understood by Fig. 214, where it will be seen, 
that the poles of the Earth, in the several positions of A, B, 
C, and D, being equally inclined, are parallel to each other. 
Supposing the lamp to represent the Sun, and the wire circle 

How are circles divided ? What is the axis of the ecliptic ? What are the poles 
of the e^p.ic fil ,w many degree, is the axis of the Earth inc. med to .that of the 
eclintic? Whit is said concerning the relative positions oi the Earths axis and 
Se Diane of thTecHpt ic ! Are the orbits of the other planets parallel to the Earth's 
Mh,?Tr inclined to it ' What is meant by the Earth's axis being parallel to itself? 

26* 
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DAY AND NIGHT 

Fig. 232. 




Inclination of the Earth's Axis. 



the Earth's orbit, the actual position of the Earth, during its 
annual revolution around the Sun, will be comprehended, and 
if the globe be turned on its axis, while passing round the 
lamp, the diurnal or daily revolution of the Earth will also 
be represented. 



DAY AND NIGHT. 



875. Were the direction of the Earth's axis perpendicular 
to the plane of its orbit, the days and nights would be of equal 
length all the year, for then just one half of the Earth, from 
pole to pole, would be enlightened, and at the same time the 
other half would be in darkness. 

Suppose the line S o, Fig. 233, from the Sun to the Earth, 
to be the plane of the Earth's orbit, and that A T 5' is the axis 
of the Earth perpendicular to it, then it is obvious, that ex- 
actly the same points on the Earth would constantly pass 
through the alternate vicissitudes of day and night ; for all 
who live on the meridian line between N and S, which line 
crosses the equator at o, would see the Sun at the same time, 
and consequently, as the Earth revolves, would pass into the 

How does it appear by Fig. 232,that the axis of the Earth is parallel to itself, in all 
parts of its orbit 1 How are the annual and diurnal revolutions of the Earth illus- 
trated by Fig. 233 ) 
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Fig. 233. 
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Day and Night. 

dark hemisphere at the same time. Hence, in all parts of 
the globe, the clays and nights would be of equal length, at 
any given place. 

876. Now it is the inclination of the Earth's axis, as above 
described, which causes the lengths of the days and nights 
to differ at the same place at different seasons of the year, 
for on reviewing the position of the globe at A, Fig. 232, it 
will be observed that the line formed by the enlightened and 
dark bemispheres, does not coincide with the line of the axis 
and pole, as in Fig. 233, but that the line formed by the 
darkness and the light, extends obliquely across the line of 
the Earth's axis, so that the north pole is in the light while 
the south is in the dark. In the position A, therefore, an ob- 
server at the north pole would see the sun constantly, while 
another at the south pole would not see it at all. Hence 
those living in the north temperate zone, at the season of the 
year when the earth is at A, or in the Summer, would have 
long days and short nights, in proportion as they approached 
the polar circle ; while those who live in the south temperate 
zone, at the same time, and when it would be Winter there, 
would have long nights and short days in the same pro- 
portion. 

SEASONS OF THE YEAR. 

877 The vicissitudes of the seasons are caused by the an- 
nual revolution of the Earth round the Sun, together with the 
inclination of its axis to the plane of its orbit. 

It has already been explained, that the ecliptic is the plane 
of the Earth's orbit, and is supposed to be placed on a level 
with the Earth's horizon, and hence, that this plane is con- 

F.xpl.iin, by Fig. 233. why the days and nights would every where be equal, were 
the axis of the Earth perpendicular to the plane of his orbit. What is the cause of 
of the unequal lengths of the days and nights in different parts of the world J What 
are the causes which produce the seasons of the year? 
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sidered the standard, by which the inclination of the lines 
crossing the Earth, and the obliquity of the orbits of the other 
planets, are to be estimated. 

878. The equi- 
noctial line, or the 
great circle pass- 
ing round the mid- 
dle of the Earth, 
is inclined to the 
ecliptic, as well as 
the line of the 
Earth's axis, and ' 
hence in passing 
round the Sun, the 
equinoctial line in- 
tersects, or crosses 
the ecliptic in two 
places, opposite to 
each other. 

Suppose a b, Fig. 234, to be the ecliptic, ef the equator, 
and c d the Earth's axis. The ecliptic and equator are 
supposed to be seen edgewise, so as to appear like lines in- 
stead of circles. Now it will be understood by the figure 
that the inclination of the equator to the ecliptic, (or the Sun's 
apparent annual path through the heavens,) will cause these 
lines, namely, the line of the equator and the line of the eclip- 
tic, to cut, or cross each other, as the Sun makes his appa- 
rent annual revolution, and that this intersection will happen 
twice in the year, when the earth is in the two opposite 
points of her orbit. 

These periods are on the 21st of March, and the 21st of 
September, in each year, and the points at which the Sun is 
seen at these times, are called the equinoctial points. That 
which happens in September is called the autumnal equinox, 
and that which happens in March, the vernal equinox. At 
these seasons, the sun rises at 6 o'clock and sets at 6 o'clock, 
and the daj^s and nights are equal in length, in every part 
of the globe. 

879. The Solstices. — The solstices are the points where 



In what position is the equator, with respect to the ecliptic ? At what timjslu 
the year do the line of the ecliptic and that of the equinox intersect each otner 1 
What are these points of intersection called! Which is the autumnal, and which 
the vernal equinox t At what time does the Sun rise and set when he is in the equi- 
noxes 1 
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the ecliptic and the equator are at the greatest distance from 
each other. The Earth, in its yearly revolution, passes 
through each of these points. One is called the Summer, 
and the other the Winter solstice. The Sun is said to enter 
the Summer solstice on the 21st of June ; and at this time, 
in our hemisphere, the days are longest and the nights short- 
est. On the 21st of December, he enters his Winter sol- 
stice, when the length of the days and nights are reversed 
from what they were in June before, the days being shortest, 
and the nights longest. 

Having learned these explanations, the student will be able 
to understand in what order the seasons succeed each other, 
and the reason why such changes are the effect of the Earth's 
revolution. 



REVOLUTIONS OF THE EARTH. 



880. Suppose the Earth, Fig. 235, to be in her Summer 
solstice, which takes place on the 21st of June. At this 

Fig. 235. 
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period she will be at a, havin • her north pole, n, so inclined 
towards the Sun, that the whole arctic circle will be lllumi- 



What are the solstices 7 When the Sun enters the Summer solstice what is said 
f^e length of the davs and nightsl When does the Sun enter the Winter solstice, 
^VXtti^^^^.^^^.^^» A, ^ bt '' Atwhatse* 
for, ol th v. ;ir is the Whole arctic circle illuminated 1 
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nated, and consequently the Sun's rays will extend 23-J <h- 
grees, the breadth of the polar circle, beyond the north pole. 
The diurnal revolution, therefore, when the Earth is at a, 
causes no succession of day and night at the pole, since the 
whole frigid zone is within the reach of his rays. The peo- 
ple who live within the arctic circle will, consequently, at 
this time, enjoy perpetual day. During this period, just the 
same proportion of the earth that is enlightened in the north- 
ern hemisphere, will be total darkness in the opposite region 
of the southern hemisphere; so that while the people of the 
north are blessed with perpetual day, those of the south are 
groping in perpetual night. Those who live near the arctic 
circle in the north temperate zone, will, during the Winter, 
come, for a few hours, within the regions of night, by the 
Earth's diurnal revolution ; and the greater the distance from 
the circle, the longer will be their nights, and the shorter 
their days. Hence, at this season, the days will be longer 
than the nights every where between the equator and the 
arctic circle. At the equator, the days and nights will be 
equal, and between the equator and the south polar circle, the 
nights will be longer than the days, in the same proportion 
as the days are longer than the nights, from the equator to 
the arctic circle. 

Autumnal Equinox. — As the Earth moves round the Sun, 
the line which divides the darkness and the light, gradually 
approaches the poles, till having performed one quarter of her 
yearly journey from the point a, she comes to 6, about the 
21st of September. At this time, the boundary of light and 
darkness passes through the poles, dividing the Earth equally 
from east to west ; and thus in every part of the world, the 
days and nights are of equal length, the Sun being 12 hours 
alternately above and below the horizon. In this position 
of the Earth, the Sun is said to be in the autumnal equinox. 

In the progress of the Earth from b to .?, the light of the 
Sun gradually reaches a little more of the antarctic circle. 
The days, therefore, in the northern hemisphere, grow "shorter 
at every diurnal revolution, until the 21st of December, when 
the whole arctic circle is involved in total darkness. And 

At what season is the whole antarctic circle in the dark ? While the people near 
the north pole enjoy perpetual day, what is t lie situation of those near the south 
pole 1 At what stason will the Jays be longer than t ho nights every win re between 
the equator and the arciic circled At whal sea on \. 'ill tin- nights be longer than 
the days in the southern hemisphere ' When w.ll Hie days and nights be equal in 
all partsof the Earth ? At whal stason nf the year is the whole arctic circle involved 
in darkness 1 
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now, the same places which enjoyed constant day in the 
June before, are involved in perpetual night. At this time, 
the Sun, to those who live in the northern hemisphere, is 
said to be in his Winter solstice; and then the Winter nights 
are just as long as were the Summer days, and the Winter 
days as long as the Summer nights. 

Vernal Equinox. — When the Earth has gone another 
quarter of her annual journey, and has come to the point of 
her orbit opposite to where she was on the 21st of Septem- 
ber, which happens on the 21st of March, the line dividing 
the light from the darkness again passes through both poles. 
In this position of the Earth with respect to the Sun, the days 
and nights are again equal all over the world, and the Sun is 
said to be in his vernal equinox. 

From the vernal equinox, as the Earth advances, the 
northern hemisphere enjoys more and more light, while the 
southern falls into the region of darkness, in proportion, so 
that the days north of the equator increase in length, until 
the 21st of June, at which time the Sun is again longest 
above the horizon, and the shortest time b.dow it. 

881. Thus the apparent motion of the Sun from east to 
west, is caused by the real motion of the Earth from west to 
east. If the Earth is in any point of its orbit, the Sun will 
always seem in the opposite point in the heavens. When 
the Earth moves one degree to the west, the Sun seems to 
move the same distance to the east; and when the Earth 
has completed one revolution in its orbit, the Sun appears to 
have completed a revolution through the heavens. Hence 
it follows, that the ecliptic, or the apparent path of the Sun 
through the heavens, is the real path of the Earth round the 
Sun,- 

882. Sun s/iincs on 180 degrees of the Earth. — It will be 
observed by a careful perusal of the above explanation of the 
seasons, and a close inspection of the figure by which it is 
illustrated, that the Sun constantly shines on a portion of 
the Earth equal to 90 degrees north, and 90 degrees south, 
from his place in the heavens, and consequently, that he 
always enlightens 180 degrees, or one half of the Earth. 
If. therefore, the axis of the Earth were perpendicular to the 
plane of its orbit, the days and nights would every where be 



WliPii are tlie days and nights equal all ovi r the world ? When is the Sun in the 
vernal equinox i What is the cause of the apparent motion of Hie Sun from east to 
wi i i What is the apparent path oftheSuu, but the real path of the Earth 1 Had 
the Earth's axis uo inclination, why wonUl the days and nights always be equal 1 
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equal, for as the Earth pei forms its diurnal revolutions, there 
would be 1*2 hours day, and 12 hours night. But since the 
inclination of its axis is 23-J- degrees, the light of the Sun is 
thrown 23-J- degrees beyond the north pole ; that is, it enlight- 
ens the Earth 23-J- degrees further in that direction, when the 
north pole is turned towards the Sun, than it would, had the 
Earth's axis no inclination. Now, as the Sun's light reaches 
only 90 degrees north or south of his place in the heavens, 
so when the arctic circle is enlightened, the antartic circle 
must be in the dark; for if the light reaches 23-J- degrees 
beyond the north pole, it must fall 23-£ degrees short of the 
south pole. 

883. As the Earth travels round the Sun, in his yearly 
circuit, this inclination of the poles is alternately towards 
and from him. During our Winter, the north polar region 
is thrown beyond the rays of the Sun, while a corresponding 
portion around the south pole enjoj-s the Sun's light. And 
thus, at the poles, there are alternately six months of dark- 
ness and Winter, and six months of sunshine and Summer. 
While we, in the northern hemisphere, are chilled by the 
cold blasts of Winter, the inhabitants of the southern hemis- 
phere are enjoying all the delights of Summer; and while 
we are scorched by the rays of a vertical Sun in June and 
July, our southern neighbors are shivering with the rigors 
of mid- Winter. 

At the equator, no such changes take place. The rays 
of the Sun, as the Earth passes round him, are vertical twice 
a year at every place between the tropics. Hence, at the 
equator, there are two Summers and no Winter, and as the 
Sun there constantly shines on the same half of the Earth 
in succession, the days and nights are always equal, there 
being 12 hours of light and 12 of darkness. 

884. Velocity of the Earth. — The motion of the Earth 
round the Sun, is at the rate of 08,000 miles in an hour, 
while its motion on its own axis, at the equator, is at the 
rate of about 1,042 miles in the hour. The equator being 
that part of the Earth most distant from its axis, the motion 
there is more rapid than towards the poles, in proportion to 
its greater distance from the axis of motion. 



How many degrees does the Sun's light reach, north and south of him, mi [he 
Earth? During our Winter, is the norili pole turned to or from the Sim.' At the 
poles, how many days and nights are there in the year ! Wlic n it is Winter ill t lie 
northern hemisphere, what is the season in the southern !|. in phere ! At what 
rate does the Earth move around the Sun 1 
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885. The method of ascertaining the velocity of the Earth's 
motion, both in its orbit and round its axis is simple, and 
easily understood; for byknowingthe diameter of the Earth's 
orbit, its circumference is readily found, and as we know 
how long it takes the Earth to perforin her yearly circuit, 
we have only to calculate what part of her journey she goes 
through in an hour. By the same principle, the hourly ro- 
tation of the Earth is as readily ascertained. 

We are insensible to these motions, because not only the 
Earth, but the atmosphere, and all terrestial things, partake 
of the same motion, and there is no change in the relation of 
objects in consequence of it. If we look out at the window 
of a steamboat, when it, is in motion, the boat will seem to 
stand still, while the trees and rocks on the shore appear to 
pass rapidly by us. This deception arises from our not 
having any object with which to compare this motion, when 
shut up in the boat; for then every object around us keeps 
the same relative position. And so in respect to the motion 
of the Earth, having nothing with which to compare its 
movement, except the heavenly bodies, when the Earth 
moves in one direction, these objects appear to move in the 
contrary direction. 

IUSES OF THE HEAT AND COLD OF THE SEASONS. 

880. We have seen that the Earth revolves round the Sun 
in an elliptical orbit, of which the Sun is one of the foci, and 
consequently that the Earth is nearer him, in one part of 
her orbit than in another. From the great difference we ex- 
perience between the heat of Summer and that of Winter, 
we should be led to suppose that the Earth must be much 
nearer the Sun in the hot season than in the cold. But when 
we come to inquire into this subject, and to ascertain the dis- 
tance of the Sun at different seasons of the year, we find that 
the great source of heat and light is nearest us during the 
cold of Winter, and at the greatest distance during the heat 
of Summer. 

887. It has been explained, under the article Optics, (758,) 
that the angle of vision depends on the distance at which 
a body of given dimensions is seen. Now, on measuring the 
angular dimensions of the Sun, with accurate instruments, 

How fast docs it move around its axis at the equator ? How is the velocity of the 
Earth ascertained ' Whj are we insensible of the Earth's motion 1 At what sea- 
son of the year is the Sun at the greatest, and at what season the least distance, 
from the Earth 1 

27 
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at different seasons of the year, : t has been found that his 
dimensions increase and diminish) and that these variations 
correspond exactly with the supposition that the Earth moves 
in an elliptical orbit. If, for instance, his apparent diametei 
be taken in March, and then again in July, it will be found 
to have diminished, which diminution is only to be accounted 
for, by supposing that he is at, a greater distance from the 
observer in July than in March. From July, his angular 
diameter gradually increases, till January, when it again 
diminishes, and continues to diminish, until July. By many 
observations, it is foun i, that the greafest apparent diameter 
of the Sun, and therefore his least distance from us, is in 
January, and his least diameter, and therefore his greatest 
distance, is in July. The actual difference is about three 
millions of miles, the Sun being that distance farther from 
the Earth in July than in January. This, however, is only 
about one-sixtieth of his mean distance from us, and the dif- 
ference we should experience in his heat, in consequence of 
this difference of distance, will therefore be very small. Per- 
haps the effect of his proximity to the Earth may diminish, 
in some small degree the s verity of Winter. 

888. The heat of Summer, and the coll of Winter, must 
therefore arise from the difference in the meridian altitude of 
the Sun, and in the time of his continuance above the horizon. 
In Summer, the solar rays fall on the Earth, in nearly a per- 
pendicular direction, and his powerful heat is then constantly 
accumulated by the long days and short nights of the sea- 
son. In Winter, on the contrary, the solar rays fall so ob- 
liquely on the Earth, as to produce little warmth, and the 
small effect they do produce during the short days of that 
season, is almost entirely destroyed by the long nights which 
succeed. The difference between the effects of perpendicu- 
lar and oblique rays, seems to depend, in a great measure, on 
the different extent of surface over which they are spread. 
When the rays of the Sun are made to pass through a con- 
vex lens, the heat is increased, because the number of rays 
which naturally cover a large surface, are then made to 
cover a smaller one, so that the power of the glass depends 
on the number of rays thus brought to a focus. If, on the 

How is it ascertained that the Earth moves in an elliptical orbit, bv the appearance 
of the Sun ? When does the Sun appear under t lie greatest apparent diameter, and 
when under the least ? How much farther is the Sun from us in July than in Jan- 
uary 1 What effect does this difference produce on the Earth ? How is the heat 
of Summer, and the cold of Winter, accounted for? Why do the perpendicular 
rays of Summer produce greater effects than the oblique ravs <>:' Wmt> r .' How is 
this illustrated bv the convex and concave lenses 1 



CAUSES OF HEAT AND COLD 



315 




Summer and Winter rays. 



contrary the rays of the Sun are suffered to pass through a 
concave lens, their natural heating- power is diminished, 
because they are dispersed, or spread over a wider surface 
than before. 

889. Summer and Fig. 236. 
Winter rays. — Now 
to apply these dif- 
ferent effects to the 
Summer and Win- 
ter rays of the Sun, 
let us suppose that 
the rays falling per- 
pendicularly on a 
given extent of sur- 
face, impart to it a 
certain degree of 
heat, then it is ob- 
vious, that if the 
same number of 
rays be spread over 
twice that extent of 
surface, their heat- 
ing power would be diminished in proportion, and that only 
half the heat would be imparted. This is the effect produced 
by the Sun's rays in the Winter. They fall so obliquely on 
the Earth, as to occupy nearly double the space that the 
same number of rays do in the Summer. 

This is illustrated by Fig. 236, where the number of rays, 
both in Winter and Summer, are supposed to be the same. 
But, it will be observed, that the Winter rays, owing to their 
oblique direction, are spread over nearly twice as much sur- 
face as those of Summer. 

890. It may, however, be remarked, that the hottest sea- 
son is not usually at the exact time of the year, when the 
Sun is most vertical, and the days the longest, as is the case 
towards the end of June, but some time afterwards, as in July 
and August. 

To account for this, it must be remembered, that when the 
Sun is nearly vertical, the Earth accumulates more heat by 
clay than it gives out at night, and that this accumulation 
continues to increase after the days begin to shorten, and, 

How is the actual difference of the Summer and Winter rays shown 1 Why is 
not the hottest season of the year at the period when the days are longest, and the 
81111 most vertical ? 
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consequently, the greatest elevation of temperature is some 
time after the longest days. For the same reason, the ther- 
mometer generally indicates the greatest degree of heat at 
two or three o'clock on each day, and not at twelve o'clock, 
when the Sun's rays are most powerful. 

FIGURE OF THE EARTH. 

891. Astronomers have proved that all the planets, togeth- 
er with their satellites, have the shape of the sphere, or 
globe, and hence, by analogy, there was every reason to 
suppose that the Earth would be found in the same shape ; 
and several phenomena tend to prove, beyond all doubt, that 
this is its form. The figure of the Earth is not, however, ex- 
actly that of a globe, or ball, because its diameter is about 34 
miles less from pole to pole, than it is at the equator. But 
that its general figure is that of a sphere, or ball, is proved 
by many circumstances. 

892. When one is at sea, or standing on the sea-shore, the 
first part of a ship seen at a distance, is its mast. As the 
vessel advances, the mast rises higher and higher above the 
horizon, and finally the hull, and whole ship, become visible. 
Now, were the Earth's surface an exact plane, no such ap- 
pearance would take place, for we should then see the hull 
long before the mast or rigging, because it is much the largest 
object. 

Fig. 237. 




Spheroidal form of the Earth. 



it will be plain by Fig. 237, that were the ship, a, elevated 
so that the hull should be on a horizontal line with the eye, 
the whole ship would be visible, instead of the topmast, there 
being no reason, except the convexity of the earth, why the 
whole ship should not be visible at a, as well as at b. 



What is the general figure of the Earth ? How much less is the diameter of the 
Earth at the poles than at the equator 1 How is the convexity of the Earth proved, 
by the approach of a ship at sea ? Explain Fig. 237 
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We know, for the same reason, that in passing over a hill, 
the tops of the trees are seen, before we can discover the 
ground on which they stand ; and that when a man ap- 
proaches from the opposite side of a hill, his head is seen 
before his feet. 

It is a well known fact also, that navigators have set out 
from a particular port, and by sailing continually westward, 
have passed around the Earth, and again reached the port 
from which they sailed. This could never happen, were the 
Earth an extended plain, since then the longer the navigator 
sailed in one direction, the further he would be from home. 

Another proof of the spheroidal form of the Earth, is the 
figure of its shadow on the Moon, during eclipses, which 
shadow is always bounded by a circular line. 

These circumstances prove beyond all doubt, that the form 
of the Earth is globular, but that it is not an exact sphere ; 
and that it is depressed or flattened at the poles, is shown by 
the difference in the lengths of pendulums vibrating seconds 
at the poles, and at the equator. 

893. Figure shown by the Pendulum. — Under the article 
pendulum, it was shown that its vibrations depend on the 
attraction of gravitation, and that as the centre of the Earth 
is the centre of this attraction, so the nearer this instrument 
is carried to that point, the stronger will be the attraction, 
and consequently the more frequent its vibrations. 

From a great number of experiments, it has been found 
that a pendulum, which vibrates seconds at the equator, has 
its number of vibrations increased, when it is carried towards 
the poles, and as its number of vibrations depend upon its 
length, a clock which keeps accurate time at the equator, 
must have its pendulum lengthened at the poles. And so, 
on the contrary, a clock going correctly at, or near the poles, 
must have its pendulum shortened, to keep exact time at the 
equator. Hence the force of gravity is greatest at the poles, 
and least/at the equator. 

894. /The compression of the Earth at the poles, and the 
consequent accumulation of matter at the equator, is con- 
sidered the effect of its diurnal revolution, while it was in a 
soft or plastic state. If a ball of soft clay, or putty, be made 
to revolve rapidly, by means of a stick passing through its 



What other proofs of the globular shape of the Earth are mentioned ? How is it 
proved bv the vibrations of the pendulum, that the Earth is flattened at the poles? 
How is the form of the Earth illustrated by experiment 1 Explain the reason whv 
a plastic ball will swell at the equator, when made to revolve. 
27* 
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centre, as an axis, it will swell out in the middle, or equator, 
and be depressed at the poles, assuming the precise figure of 
the Earth. This figure is the natural and obvious conse- 
quence of the centrifugal force, which operates to throw the 
matter off, in proportion to its distance from the axis of 
motion, and the rapidity with which the ball is made to 
revolve. The parts about the equator would therefore tend 
to fly off, and leave the other parts, in consequence of the 
centrifugal force, while those about the poles, being near the 
centre of motion, would receive a much smaller impulse. 
Consequently, the ball would swell, or bulge out at the 
equator, which would produce a corresponding depression at 
the poles. 

895. Centrifugal Force. — The effects of centrifugal force 
is very satisfactorily illustrated in the following manner: 

Two hoops of 
thin iron are placed -p a o^s 

upon an axis which 
passes through their 
poles, as shown by 
i^.238. The two 
ends of each hoop 
cross each other at 
right angles, and 
are fastened togeth- 
er, and to the axis 
at the bottom. At 
the upper end they 
slide up and down 
on the axis, which 
is turned rapidly by 
wheel-work as rep- 
resented. These 
hoops, before the 
motion begins, have 
an oval form, but 
when turned rap- 
idly, the centrifugal 
force causes them to expand, or swell at the equator while 
they are depressed at the poles, the two polar regions be- 
coming no more distant than a and b. 

896. The weight of a body at the poles is found to be 
greater than at the equator, not only because the poles are 
nearer the centre of (he Earth than the equator, but because 




Depression of the Poles. 
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the centrifugal force there tends to lessen its gravity. The 
wheels of machines, which revolve with the greatest rapidity, 
are made in the strongest manner, otherwise they will fly in 
pieces, the centrifugal force not only overcoming the gravity, 
but the cohesion of their parts. 

897. It has been found, by calculation, that if the Earth 
turned over once in 84 minutes and 43 seconds, the centri- 
ng il force at the equator would be equal to the power of 
gravity there, and that bodies would entirely lose their 
weight. If the Earth revolved more rapidly than this, all 
the buildings, rocks, mountains, and men, at the equator, 
would not only lose their weight, but would fly away, and 
leave the Earth, as the water does from a revolving grind- 
stone./ 

SOLAR AND S1DERIAL TIME. 

898. The stars appear to go round the Earth in 23 hours, 
56 minutes, and 4 seconds, while the Sun appears to perform 
the same revolution in 24 hours, so that the stars gain 3 
minutes and 56 seconds upon the Sun every day. In a year, 
this amounts to a day, or to the time taken by the Earth to 
perform one diurnal revolution. It therefore happens, that 
when time is measured by the stars, there are 366 days in 
the year, or 366 diurnal revolutions of the Earth ; while, if 
measured by the Sun from one meridian to another, there 
are only 365 whole days in the year. The former are called 
the siderial, and the latter solar days. 

To account for this difference, we must remember that the 
Earth, while she performs her daily revolutions, is constantly 
advancing in her orbit, and that, therefore, at 12 o'clock 
to-day she is not precisely at the same place in respect to 
the Sun. that she was at 12 o'clock yesterday, or will be 
to-morrow. But the fixed stars are at such an amaziug dis- 
tance from us, that the Earth's orbit, in respect to them, is 
but a point ; and, therefore, as the Earth's diurnal motion is 
perfectly uniform, she revolves from any given star to the 
same star a"-ain in exactly the same period of absolute time. 



What two causes render the weights of bodies less at the equator than at the 
Doles 1 What would be the consequence on the weights ol bodies at the equator, did 
the Earth turn over once in 84 minutes and 43 seconds! The stars appear to move 
round the Earth in li sa time than the Sun : w hat does the difference amount to in a 

' Vh'tis.l,, year measure. i star called •< What is that measured by the 

'Sin called ' How is th F n no ' m tim< between the ,olar ami sidenal year 

Mcoiinttd I for ? The I ,iut, in reference to a star j how is thw 

Ulustra'i (I ! 
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The orbit of the Earth, were it a solid mass, instead of an 
imaginary circle, would have no appreciable length or breadth, 
when seen from a fixed star, and therefore, whether the Earth 
performed her diurnal revolutions at a particular station, or 
while passing round in her orbit, would make no appreciable 
difference with respect to the star. Hence the same star, at 
every complete daily revolution of the Earth, appears pre- 
cisely in the same direction at all seasons of the year. The 
Moon, for instance, would appear at exactly the same point, 
to a person who walks round a circle of a hundred yards in 
diameter, and for the same reason a star appears in the same 
direction from all parts of the Earth's orbit, though 190 
millions of miles in diameter. 

899. If the Earth had only a diurnal motion, her revolu- 
tion, in respect to the Sun, would coincide exactly with the 
same revolution in respect to the stars ; but while she is 
making one revolution on her axis towards the east, she 
advances in the same direction about one degree in her orbit, 
so that to bring the same meridian towards the Sun, she must 
make a little more than one entire revolution. 

Fig. 239. 




Solar and Siderial Time. 

To make this plain, suppose the Sun S, Fig. 239, to be 
exactly on a meridian line marked e, on the Earth A, on a 
given day. On the next day, the Earth, instead of being at 
A, as on the day before, advances in its orbit to B, and in 

Had the Earth only a diurnal revolution, would the siderial and solar lime agree 1 
Show by Fig. 239, how siderial differs from solar time. 
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the mean time having completed her revolution, in respect to 
a star, the same meridian line is not brought under the Sun, 
as on the day before, but falls short of it, as at e, so that the 
Earth has to perform more than a revolution, by the distance 
from e to o, in order to bring the same meridian again under 
the Sun. So on the next day, when the Earth is at C, she 
must again complete more than two revolutions, since leav- 
ing A, by the space from e to o, before it will again be 
noon at e. 

900. Thus, it is obvious, that the Earth must complete one 
revolution, and a portion of a second revolution, equal to the 
space she has advanced in her orbit, in order to bring the 
same meridian back again to the Sun. This small portion 
of a second revolution amounts daily to the 365th part of her 
circumference, and therefore, at the end of the year, to one 
entire rotation, and hence in 365 days, the Earth actually 
turns on her axis 366 times. Thus, as one complete rotation 
forms a siderial day, there must, in the year, be one siderial, 
more than there are solar days, one rotation of the Earth, 
with respect to the Sun, being lost, by the Earth's yearly 
revolution. The same loss of a day happens to a traveller, 
who, in passing round the Earth towards the west, reckons 
his time by the rising and setting of the Sun. If he passes 
round towards the east, he will gain a day for the same 
reason. 

EQUATION OF TIME. 

901. As the motion of the Earth about its axis is per- 
fectly uniform, the siderial days, as we have already seen, are 
exactly of the same length, in all parts of the year. But as 
the orbit of the Earth, or the apparent path of the Sun, is 
inclined to the Earth's axis, and as the Earth moves with 
different velocities in different parts of its orbit, the solar, or 
natural days, are sometimes greater and sometimes less than 
24 hours, as shown by an accurate clock. The consequence 
is, that a true sun-dial, or noon mark, and a true time-piece, 
agree with each other only a few times in a year. The 
difference between the sun-dial and clock, thus shown, is 
called the equation of time. 

Why does not the Earth turn the same meridian to the Sun at the same time 
every dav * How many times does .he Earth turn on her "is in a year Why 
She urn more tinvs than there are days in *e year Why are the sotoda^i 
sometimes greater, and sometimes ess, than 24 hours ! What is the ditterence be- 
tween the time of a sundial and a clock called , 
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The difference between the Sun and a well regulated 
clock, thus arises from two causes, the inclination of the 
Earth's axis to the ecliptic, and the elliptical form of the 
Earth's orbit. 

902. That the Earth moves in an ellipse, and that its 
motion is more rapid sometimes than at others, as well as 
that the Earth's axis is inclined to the ecliptic, have already 
been explained and illustrated. It remains, therefore, to show 
how these two combined causes, the elliptical form of the 
orbit, and the inclination of the axis, produce the disagree- 
ment between the Sun and clock. In this explanation, we 
must consider the Sun as moving around the ecliptic, while 
the Earth revolves on her axis. 

MEAN TIME, 

903. Equal, or mean time, is that which is reckoned by a 
clock, supposed to indicate exactly 24 hours, from 12 o'clock 
on one day, to 12 o'clock on the next day. Apparent time, 
is that which is measured by the apparent motion of the 
Sun in the heavens, as indicated by a meridian time, or sun- 
dial. 

904. Were the Earth's orbit a perfect circle, Fig. 240, and 
her axis perpendicular to the plane of this orbit, the days 
would be of a uniform length, and there would be no differ- 
ence between the clock and the Sun ; both would indicate 
12 o'clock at the same time, on every day in the year. But 
on account of the inclination of the Earth's axis to the 
ecliptic, unequal portions of the Sun's apparent path through 
the heavens will pass any meridian in equal times. This 
may be readily explained to the pupil, by means of an artifi- 
cial globe ; but perhaps it will be understood by the following 
diagram. 

Let A N B S, Fig. 240, be the concave of the heavens, in 
the centre of which is the Earth. Let the line A B be the 
equator, extending through the Earth and the heavens, and 
let A, a, b, C, c, and rf, be the ecliptic, or the apparent path 
of the Sun through the heavens. Also, let A, 1 , 2, 3, 4, 5, 

What are the causes of the difference between the Sun and clock ? In explain- 
ing equation of time, what motion is considi ml as In longing to the Sun and what 
motion to the Earth 1 What is equal, or mean time .' What is apparent time 1 In 
fig. '-M0, which is the celestial equator, and which the ecliptic ! Through which of 
these circles does the false, and through which does the true Sun pass? "when the 
"» 1 . s " na ' nves t < >a)ftndthefelBeoneto 1, are they both on the same meridianl 
Which is then most westward? When the two suns are at 1, and a why will any 
meridian come first under the real Sun ? Were the true Sun in place of the false 
one, why would the Sun and clock agree 1 v 



Fig. 240. 




Suns in the Equator and Ecliptic. 
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be equal distances 
on the equator, and 
A, a, b, C, c, and d, 
equal portions of 
the ecliptic, corres- 
ponding with A 1, 
2, 3, 4 and 5. Now 
we will suppose, 
that there are two 
suns, namely, a 
false, and a real 
one ; that the false 
one passes through 
the celestial equa- 
tor, which is only 
an extension of the 
Earth's equator 
to the heavens ; 
while the real Sun 
has an apparent 
revolution through 

the ecliptic ; and that they both start from the point A, at the 
same instant. The false Sun is supposed to pass through 
the celestial equator in the same time that the real one passes 
through the ecliptic, but not through the same meridians 
at the same times, so that the false Sun arrives at the points 
1, 2, 3, 4 and 5, at the time when the real Sun arrives at the 
points a, b, C, and c. When the two suns were at A, the 
starting point, they were both on the same meridian, but 
when the fictitious Sun comes to 1, and the real Sun to a, 
they are not in the same meridian, but the real Sun is west- 
ward of the fictitious one, the real Sun being at a, while the 
false Sun is on the meridian 1, consequently, as the Earth 
turns on its axis from west to east, any particular place will 
come under the Sun's real meridian, sooner than under the 
fictitious Sun's meridian; that is, it will be 12 o'clock by 
the true Sun, before it is 12 o'clock by the false Sun, or by a 
true clock ; but were the true Sun in place of the false one. 
the Sun and clock would agree. While the true Sun is 
passing through that quarter of its orbit, from a to C, and tne 
fictitious Sun from 1 to 3, it will always be noon by the true 
Sun before it is noon by the false sun, and during this pe- 
riod, the Sun will be faster than the clock^ 

When the true Sun arrives at C, and the false one ar 3, 
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they are both on the same meridian, and the Sun and clock 
agree. But while the real Sun is passing from C to B, and 
the false one from 3 to 13, any meridian comes later under the 
true Sun than it does under the false, and then it is noon by 
the Sun after it is noon by the clock, and the Sun is then 
said to be slower than the clock. At B, both suns are again 
on the same meridian, and then again the Sun and clock 
agree. 

We have thus followed the real Sun through one half of 
his true apparent place in the heavens, and the false one 
through half the celestial equator, and have seen that the 
two suns, since leaving the point A, have been only twice on 
the same meridian at the same time. It has been supposed that 
the two suns passed through equal arcs, in equal times, the 
real Sun through the ecliptic, and the false one through the 
equator. The place of the false Sun may be considered as 
representing the place where the real Sun would be, in case 
the Earth's axis had no inclination, and consequently it 
agrees with the clock every 24 hours. But the true Sun, as 
he passes round in the ecliptic, comes to the same meridian, 
sometimes sooner, and sometimes later, and in passing around 
the other half of the ecliptic, or in the other half year, the 
same variations succeed each other. 

Fast and Slow O'clock. — The two Suns are supposed to 
depart from the point A, on the 20th of March, at which 
time the Sun and clock coincide. From this time, the Sun 
is faster than the clock, until the two suns come together at 
the point C, which is on the 21st of June, when the Sun and 
clock again agree. From this period the Sun is slower than 
the clock, until the 23d of September, and faster again until 
the 21st of December, at which time they agree as before. 

We have thus seen how the inclination of the Earth's 
axis, and the consequent obliquity of the equator to the ecliptic, 
causes the Sun and clock to disagree, and on what days they 
would coincide, provided no other cause interfered with their 
agreement. But although the inclination of the Earth's 
axis would bring the Sun and clock together on the above- 
mentioned days, yet this agreement is counteracted by an- 
other cause, which is the elliptical form of the Earth's orbit, 
and though the Sun and clock do agree four times in the 
year, it is not on any of the day 3 above-mentioned. 



While the suns are passing from A to C, and from 1 to 3. will the Sun be faster or 
slower than (he clock ? When the two suns arc at C. and :i. u liv will the Sun and 
clock agree ? While the real Sun is passing from II to C, which is fastest, I 
>r Sun ? What does the place of the false Sun represent in Fig. '_'10 ) 
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It has been shown by Fig. 230, that the Earth moves more 
rapidly in one part of its orbit than in another. When it is 
nearest the Sun, which is in the Winter, its velocity is greater 
than when it is most remote from him, as in Summer. Were 
the Earth's orbit a perfect circle, the Sun and clock would 
coincide on the days above specified, because then the only 
disagreement would arise from the inclination of the Earth's 
axis. But since the Earth's distance from the Sun is con- 
stantly changing, her rate of velocity also changes, and she 
passes through unequal portions of her orbit in equal times. 
Hence, on some days, she passes through a greater portion 
of it than on others, and thus this becomes another cause of 
the inequality of the Sun's apparent motion. 

The elliptical form of the Earth's orbit would prevent the 
coincidence of the Sun and clock at all times, except when 
the Earth is at the greatest distance from the Sun, which 
happens on the 1st of July, and when she is at the least dis- 
tance from him, which happens on the 1st of January. As 
the Earth moves faster in the Winter than in the Summer, 
from this cause, the Sun would be faster than the clock from 
the 1st of July to the 1st of January, and then slower than 
the clock from the 1st of January to the 1st of July. 

905. When the Sun and Clock agree. — We have now ex- 
plained separately, the two causes which prevent the coin- 
cidence of the Sun and clock. By the first cause which is 
the inclination of the Earth's axis, they would agree four 
times in the year, and by the second cause, the irregularity 
of the Earth's motion, they would coincide only twice in the 
year. 

Now, these two causes counteract the effects of each 
other, so that the Sun and clock do not coincide on any of 
the days, when either cause, taken singly, would make an 
agreement between them. The Sun and clock, therefore, 
are together, only when the two causes balance each other ; 
that is, when one cause so counteracts the other, as to make 
a mutual agreement between them. This effect is produced 

The inclination of the Earth's axis would make the Sun and clock agree in March 
and the other months above named : why, then, do they not actually agree at those 
times I Were the Earth's orbit aperfeel circle, on what days would the Sun and 
clock agree? How does the form of the Earth's orbit interfere with the agreement 
of the Sun and clock on those days ? At what times would the form of .he Earth's 
orbit bring the Sun and clock to agree? The inclination of the Earth's axis would 
make the Sun and clock agree four times in the year, and the form of the Earth's 
orbit would make them agree twice in the year ; now show the reason why they do 
not agree from these causes, on the above-mentioned days, and why they do agree 
on other days. 
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four times in the year; namely, on the 15th of April, 15th 
of June, 31st of August, and 24th of December. On these 
days, the Sun, and a clock keeping exact time, coincide, and 
on no others. The greatest difference between the Sun and 
clock, or between the apparent and mean time, is 16-£ min- 
utes, which takes place about the 1st of November. 



906. While the Earth revolves round the Sun, the Moon re- 
volves round the Earth, completing her revolution once in 27 
days, 7 hours and 43 minutes, and at the distance of 240,000 
miles from the Earth. The periods of the Moon's change, that 
is, from new Moon to new Moon again, is 29 days, 12 hours, 
and 44 minutes. 

907. The time of the Moon's revolution round the Earth 
is called her periodical month ; and the time from change to 
change is called her synodical month. If the Earth had no 
annual motion, these two periods would be equal, but because 
the Earth goes forward in her orbit, while the Moon goes 
round the Earth, the Moon must go as much farther, from 
change to change, to make these periods equal, as the Earth 
goes forward during that time, which is more than the 
twelfth part of her orbit, there being more than twelve lunar 
periods in the year. 

908. Illustration by the Hands of a Watch. — These two 
revolutions may be familiarly illustrated by the motions of 
the hour and minute hands of a watch. Let us suppose 
the 12 hours marked on the dial plate of a watch to repre- 
sent the 12 signs of the zodiac through which the Sun seems 
to pass in his yearly revolution, while the hour hand of the 
watch represents the Sun, and the minute hand the Moon. 
Then, as the hour hand goes around the dial plate once in 
12 hours., so the Sun apparently goes around the zodiac once 
in twelve months ; and as the minute hand makes 12 revo- 
lutions to one of the hour hand, so the Moon makes 12 revo- 
lutions to one of the Sun. But the Moon, or minute hand, 
must go more than once round, from any point on the circle, 
where it last came in conjunction with the Sun, or hour hand, 
to overtake it again, since the hour hand will have moved 



On what days do the Sun and clock agree ■? What is (he period of the Moon's 
revolution round the Earth 1 What is the period from new Moon to new Moon 
again 1 What are these two periods called 1 Why are not the periodical and sy- 
nodical months equal .' How are these two revolutions of the Moon illustrated by 
the two hands of a walch f 
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forward of the place where it, was last overtaken, and conse- 
quently the next conjunction must be forward of the place 
where the last happened. During an hour, the hour hand 
describes the twelfth part of the circle, but the minute hand 
has not only to go round the whole circle in an hour, but also 
such a portion of it as the hour hand has moved forward 
since they last met. Thus, at 12 o'clock, the hands are in 
conjunction ; the next conjunction is 5 minutes 27 seconds 
past I o'clock; the next. 10 min. 54 sec. past II o'clock; 
the third. 16 min. 21 sec. past III; the 4th, 21 min. 49 sec. 
past IV ; the 5th, 27 min. 10 sec. past V ; the 6th. 32 min. 
43 sec. past VI; the 7th, 38 min. 10 sec. past VII ; the 8th, 
43 min. 38 sec. past VIII; the 9th, 49 min. 5 sec. past IX ; 
the 10th, 54 min. 32 sec. past X ; and the next conjunction 
is at XII. 

Now, although the Moon passes around the Earth in 27 
days 7 hours and 43 minutes, yet her change does not take 
place at the end of this period, becaufe her changes are not 
occasioned by her revolutions alone, but by her coming peri- 
odically into the same position in respect to the Sun. At her 
change, she is in conjunction with the Sun, when she is not 
seen at all, and at this time astronomers call it new Moon, 
though generally, we say it is new Moon two days afterwards, 
when a small part of her face is to be seen. The reason 
why there is not a new Moon at the end of 27 days, will be 
obvious, from the motions of the hands of a watch ; for we 
see that more than a revolution of the minute hand is required 
to bring it again in the same position with the hour hand, 
by about the twelfth part of the circle. 

The same principle is true in respect to the Moon ; for as 
the Earth advances in its orbit, it takes the Moon 2 days, 5 
hours and 1 minute longer to come again in conjunction 
with the Sun, than it does to make her monthly revolution 
round the Earth ; and this 2 days 5 hours and 1 minute 
being added to 27 days 7 hours and 43 minutes, the time of 
the periodical revolution makes 29 days 12 hours and 44 
minutes, the period of her synodical revolution. 

909. We only .sec one side of the Moon.— 'The Moon al- 
ways presents the same side, or face, towards the Earth, and 
hence it is evident that she turns on her a xis but once, while 

" Mention the time oj Htt^^^ofto^uStoS ™und 

Why donol the Moot, bc hinges ft ke p .. m . . I.. *.„„„, a , ;llll ,„ con j unctl0 n 
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she is performing one revolution round the Earth, so that the 
inhabitants of the Moon have but one day, and and night in 
the course of a lunar month. 

One half of the Moon is never in the dark, because when 
this half is not enlightened by the Sun, a strong light is re- 
flected to her from the Earth, during the Sun's absence. 
The other half of the Moon enjoys alternately two weeks of 
the Sun's light, and two weeks of total darkness. 

The Moon is a globe, like our Earth, and like the Earth, 
shines only by the light reflected from the Sun ; therefore, 
while that half of her which is turned towards the Sun is en- 
lightened, the other half is in darkness. Did the Moon shine 
by her own light, she would be constantly visible to us, for 
then, being an orb, and every part illuminated, we should 
see her constantly full and round, as we do the Sun. 

910/Phases of the Moon. — One of the most interesting 
circumstances to us, respecting the Moon, is, the constant 
changes which she ifhdergoes, in her passage around the 
Earth. When she first appears, a day or two after her 
change, we can see only a small portion of her enlightened 
side, which is in the form of a crescent ; and at this time she 
is commonly called new Moon. From this period she goes 
on increasing, or showing more and more of her face, every 
evening, until at last she becomes round, and her face is fully 
illuminated, She then begins again to decrease, by appa- 
rently losing a small section of her face, and the next eve- 
ning another small section from the same part, and so on, 
decreasing a little every day, until she entirely disappears ; 
and having been absent a day or two, reappears in the form 
of a crescent; or new Moon, as before. 

911. When the Moon disappears, she is said to be in con- 
junction, that is. she is in the same direction from us with 
the Sun. When she is full, she is said to be in opposition, 
that is, she is in that part of the heavens opposite to the Sun, 
as seen by us. 

912. The difforent appearances of the Moon from new to 
full, and from full to change, are owing to her presenting dif- 
ferent portions of her enlightened surface towards us at dif- 
ferent times. These appearances are called phases of the 
Moon, and are easily accounted for, and understood, by the 
following figure. 

One half of the Moon is never in the dark ; explain why this is so. How long is 
the day and night, at the other half? How is il shown that the Moon shines only 
by reflected light. ? When is the Moon said to be in conjunction with the Sun, and 
when in opposition to the Sun 7 What are the phases of the Moou ? 
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Phases of the Moon. 

Let S, Fig. 241, be the Sun, E the Earth, and A, B, C, D, 
F, the Moon in differi nl parts of her orbit. Now when the 
Moon changes, or is in < onjunction with the Sun, as at A, 
her dark side is turned towards the Earth, and she is invisi- 
ble, as represented at a. 'J' he Sun always shines on one half 
of the Moon, in every direction, as represented at A and 5, 
on the inner circle: I the Earth can see only such 

portions of the enlightened part as are turned towards us. 
After her change, when she aas moved from A to B, a small 
part of her illuminated side comes in sight, and she appears 
horned, as at b, and is then called the new Moon. When 
she arrives at C, several days afterwards, one half of her disc 
is visible, and she appears as at c, her appearance being the 
same in both circles. At this point she is said to be in her 
first quarter, because she has passed through a quarter of 
her orbit, and is 90 degress from the place of her conjunction 
with the Sun. At Z), she shows us still more of her enlight- 
ened side, and is then said to appear gibbous as at cl. When 
she comes to F, her whole enlightened side is turned towards 
the Earth, and she appears in all the spendor oiafull Moon. 
During the other half of her revolution she daily shows less 
and less of her illuminated side, until she again becomes in- 
visible by her conjunction with the Sun. Thus in passing 
from her conjunction a, to her full e, the Moon appears every 



Describe Fig 241, and show how the Moon passes from chance to full, and from 
II to change What is said concerning the phases of the Earth, as seen from the 
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day to increase, while in going from her full to her conjunc- 
tion again, she appears to us constantly to decrease, but as 
seen from the Sun, she appears always full. 

913. How the Earth appears at the Moon. — The earth, 
seen by the inhabitants of the Moon, exhibits the same 
phases that the Moon does to us, but in a contrary order. 
When the Moon is in her conjunction, and conseqently 
invisible to us, the Earth appears full to the people of the 
Moon, and when the Moon is full to us, the Earth is dark to 
them. 

The Earth appears thirteen times larger to the lunarians 
than the Moon does to us. As the Moon always keeps the 
same side towards the Earth, and turns on her axis only as 
she moves round the Earth, we never see her opposite side. 
Consequently the lunarians who live on the opposite side to 
us never see the Earth at all. To those who live on the 
middle of the side next to us, our Earth is always visible, 
and directly over head, turning on its axis nearly thirty times 
as rapidly as the Moon, for she turns only once in about 
thirty clays. A lunar astronomer, who should happen to 
live directly opposite to that side of the Moon which is next 
to us, would have to travel a quarter of the circumference of 
the Moon, or about 1,500 miles, to see our Earth above the 
horizon, and if he had the curiosity to see such a glorious 
orb, in its full splendor over his head, he must travel 3,000 
miles. But if his curiosity equalled that of the terrestrials, 
he would be amply compensated by beholding so glorious a 
nocturnal luminary, a Moon thirteen times as large as ours. 

914., That the Earth shines upon the Moon, as the Moon 
does upon us, is proved by the fact that the outline of her 
whole disc may be seen, when only a part of it is enlight- 
ened by the Sun. Thus when the sky is clear, and the 
Moon only two or three days old, it is not uncommon to see 
the brilliant new Moon, with her horns enlightened by the 
Sun, and at the same time the old Moon faintly illuminated 
by reflection from the Earth. This phenomenon is some- 
times called "the old Moon in the new Moon's arms." 

It was a disputed point among former astronomers, whether 
the Moon has an atmosphere; but the more recent discov- 
eries have decided that she has an atmosphere, though there 
is reason to believe that it is much less dense than ours. 



When does the Earlh appear full at the Moon ? Wh< n is the Earth in her change, 
to the people of the Moon ! Why do those who live on one side of the Moon never 
see the Earth ? How is it known that the Earth shines upon the Moon, as the Moon 
does upon us t What is said concerning the Moon's atmosphere 7 
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915. Surface of the Moon. — When the Moon's surface is 
examined through a telescope, it is found to be wonderfully 
diversified, for besides the dark spots perceptible to the naked 
eye, there are seen extensive valleys, and long ridges of 
highly elevated mountains. 

Some of these mountains, according to Dr. Herschel, are 
4 miles high, while hollows more than three miles deep, and 
almost exactly circular, appear excavated on the plains. As- 
tronomers have been at vast labor to enumerate, figure, and 
describe the mountains and spots on the surface of the Moon, 
so that the latitude and longitude of about 100 spots have 
been ascertained, and their names, shapes, and relative posi- 
tions given. A still greater number of mountains have been 
named, and their heights and the lengths of their bases de- 
tailed. 

916. The deep caverns, and broken appearance of the 
moon's surface, long since induced astronomers to believe 
that such effects were produced by volcanoes, and more re- 
cent discoveries have seemed to prove that this suggestion 
was not without foundation. Dr. Herchel saw with his tel- 
escope, what appeared to him, three volcanoes in the Moon, 
two of which were nearly extinct, but the third was in the 
actual state of eruption, throwing out fire, or other luminous 
matter, in vast quantities. 

917. It was formerly believed that several large spots, 
which appeared to have plane surfaces, were seas, or lakes, 
and that a part of the Moon's surface was covered with 
water, like that of our Earth. But it has been found, on 
closely observing these spots, when they were in such a po- 
sition as to reflect the Sun's light to the Earth, had they 

water, that no such reflection took place. It has also 
been found, that when these spots were turned in a certain 
position, their surfaces appeared rough and uneven ; a certain 
indication that they are not water. These circumstances, 
together with the fact that the Moon's surface is never ob- 
scured by mist or vapor, arising from the evaporation of wa- 
ter from her surface, have induced astronomers to believe, 
that the Moon has neither seas, lakes, or rivers, and indeed 
that no water exists then'. 



918. Erm/ planet and satellite in the solar system is illu- 

How high arc .-ome of the mountains, and how deep the caverns of the Moon 1 
What is uaid concerning the volcanoes of the Moon J 



332 MOON'S NODES. 

minated by the Sun, and hence they cast shadows in the direc- 
tion opposite to him, just as the shadow of a man reaches from 
the Sun. 

919. Eclipse of the Moon. Now an eclipse of the Moon 
is nothing more than her falling into the shadow of the 
Earth. The Moon, having no light of her own, is thus 
darkened, and we say she is eclipsed. The shadow of the 
Moon also reaches to a great distance from her. We know 
that it reaches at least 240,000 miles, because it sometimes 
reaches the Earth. An eclipse of the Sun is occasioned 
whenever the Earth falls into the shadow of the Moon. 
Hence, in eclipses, whether of the Sun or Moon, the two 
planets and the Sun must be nearly in a straight line with 
respect to each other. In eclipses of the Moon, the Earth 
is between the Sun and Moon, and in eclipses of the Sun, 
the Moon is between the Earth and Sun. 

920. If the Moon went around the Sun in the same plane 
with the Earth, that is, were the Moon's orbit on the plane 
of the ecliptic, there would happen an Eclipse of the Sun at 
every conjunction of the Sun and Moon, or at the time of 
every new Moon. But at these conjunctions the Moon does 
not come exactly between the Earth and Sun, because the 
orbit of the Moon is inclined to the ecliptic at an angle of 
5£ degrees. Did the planes of the orbits of the Earth and 
Moon coincide, there would be an eclipse of the Moon at 
every full, for then the Moon would pass exactly through 
the Earth's shadow. 

MOON'S NODES. 

921. One half of the Moon's orbit being elevated 5| de- 
grees above the ecliptic, the other half is depressed as much 
below it, and thus the Moon's orbit crosses that of the 
Earth in two opposite points, called the Moon's nodes. 

As the nodes of the Moon are the points where she crosses 
the ecliptic, she must be half the time above, and the other 
half below these points. The node in which she crosses 
the plane of the ecliptic upward, or towards the north, is 
called her ascending node. That in which she crosses the 



What is supposed concerning Ihe lakes and seas of Ihe Moon ? On what grounds 
is it supposed that there is no water at the Moon ! What is a shadow 1 When do we 
say it is sunset, and when do we say it is sunrise? What occasions an eclipse of 
the Moon 1 What causes eclipses of the Sun? In eclipses of the Moon, what 
planet is between the Sun and Moon? In eclipses of the Sun, what planet is be- 
tween the Sun and Earth? Why is there not an eclipse of the Sun at every con- 
junction of the Sun and Moon ? How many degrees is the Moon's orbit inclined to 
that of the Earth i What are the nodes of the Moon 1 
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same plane downward, or towards the south, is called her 
descending node. 

The Moon's orbit, like those of the other planets, is ellip- 
tical, so that she is sometimes nearer the Earth than at others. 
When she is in that part of her orbit, at the greatest dis- 
tance from the Earth, she is said to be in her apogee, and 
when at her least distance from the Earth, she is in her 
perigee. 

922. Eclipses can only happen at the time when the 
Moon is at, or near, one of her nodes, for at no other time is 
she near the plane of the Earth's orbit ; and since the Earth 
is always in this plane, the Moon must be at, or near it, also, 
in order to bring the two planets and the Sun in the same 
right line, without which no eclipse can happen. 

923. The reason why eclipses do not happen oftener, and 
at regular periods, is because a node of the Moon is usually 
only twice, and never more than three times in the year, 
presented towards the Sun. The average number of total 
eclipses of both luminaries, in a century, is about thirty, and 
the average number of total and partial, in a year, about 
four. There may be seven eclipses in a year, including 
those of both luminaries, and there may be only two. When 
there are only two, they are both of the Sun. 

When the Moon is within 16-£ degrees of her node, at the 
time of her change, she is so near the ecliptic, that the Sun 
maybe more or less eclipsed, and when she is within 12 de- 
grees of her node, at the time of her full, the Moon will be 
more or less eclipsed. 

924. But the Moon is more frequently within 16| degrees 
of her node at the time of her change, than she is within 
12 degrees at the time of her full, and consequently there 
will be a greater number of solar, than of lunar eclipses, in 
a course of years. Yet more lunar eclipses will be visible, 
at any one place on the Earth, than solar, because the Sun, 
being so much larger than the Earth, or Moon, the shadow 
of these bodies must terminate in a point, and this point of 
the Moon's shadow never covers but a small portion of the 
Earth's surface, while lunar eclipses are visible over a whole 
hemisphere, and as the Earth turns on its axis, are therefore 
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visible to more than half the Earth. This will be obvious 
by Figs. 242 and 243, where it will be observed that an 
eclipse of the Moon may be seen wherever the Moon is visi- 
ble, while an eclipse of the Sun will be total only to those 
who live within the space covered by the Moon's dark 
shadow. 

LUNAR ECLIPSES. 

925. When the Moon falls into the shadow of the Earth, 
the rays of the Sun are intercepted, or hid from her, and she 
then becomes eclipsed. 

When the Earth's shadow covers only a part of her face, 
as seen by us, she suffers only a partial eclipse, one part of 
her disc being obscured, while the other part reflects the 
Sun's light. But when her whole surface is obscured by 
the Earth's shadow, she then suffers a total eclipse, and of a 
duration proportionate to the distance she passes through 
the Earth's shadow. 

Fig. 242. 



Eclipse of the Moon. 

926. Fig. 242 represents a total lunar eclipse ; the Moon 
being in the midst of the Earth's shadow. Now it will be 
apparent that in the situation of the Sun, Earth, and Moon, 
as represented in the figure, this eclipse will be visible from 
all parts of that hemisphere of the Earth which is next the 
Moon, and that the Moon's disc will be equally obscured, 
from whatever point it is seen. When the moon passes 
through only a part of the Earth's shadow, then she suf- 
fers only a partial eclipse, but this is also visible from the 
whole hemisphere next the Moon. It will be remembered that 
lunar eclipses happen only at full Moon, the Sun and Moon 
being in opposition, and the Earth between them. , 

Why will more lunar than solar eclipses be visible at any one place t 
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927. When the Moon passes between the Earth and Sun, 
there happens an eclipse of the Sun, because then the Moon's 
shadow falls upon the Earth. 

A total eclipse of the Sun happens often, but when it oc- 
curs, the total obscurity is confined to a small part of the 
Earth ; since the dark portion of the Moon's shadow never 
exceeds 200 miles in diameter on the Earth. But the Moon's 
nartial shadow, or penumbra, may cover a space on the 
Earth of more than 4,000 miles in diameter, within all which 
space the Sun will be more or less eclipsed. When the pen- 
umbra first touches the Earth, the eclipse begins at that 
place, and ends when the penumbra leaves it. But the 
eclipse will be total only where the dark shadow of the 
Moon touches the Earth. 

Fig. 243. 




Eelijise of the Sun. 



Fig. 243 represents an eclipse of the Sun, without regard 
to the penumbra, that it may be observed how small a part 
of the Earth the dark shadow of the Moon covers. To 
those who live within the limits of this shadow, the eclipse 
will be total, while to those who live in any direction around 
it, and within reach of the penumbra, it will be only partial. 

928. Solar eclipses are called annular from annulus, a ring, 
when the Moon passes across the centre of the Sun, hiding 
all his light, with the exception of a ring on his outer edge, 
which the Moon is too small to cover from the position in 
which it is seen. 

Umbra and Penumbra. A solar eclipse, with the penum- 

Why is the same eclipse total at one place, and only partial at another 7 Why is 
a total eclpse of the Sum confined to so small a part of the Earth ! What ,s meant 
1,, n, numbra » What will l.e the difference m the aspect of the eclipse, whether 
.!„ obsi n l r Stands within the .lark shadow, or only within the penumbra? What 

8 „, , b ; ular eclipses! Are annular eclipses ever total in any part of the 

I) 1 V u annular eclipses, what part of (he Moon's shadow reaches the Earth ! 
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and the umbra, or dark shadow, is seen in 



bra, d, c, 
Fig. 244. 

When the Moon is at its greatest distance from the Earth, 
its shadow m o, sometimes terminates, before it reaches the 
Earth, and then an observer standing directly under the point 
o, will see the outer edge of the Sun, forming a bright ring 
around the circumference of the Moon, thus forming an an- 
nular eclipse. 

Fis. 244. 




Umbra and Penumbra. 



The penumbra D C, is only a partial interception of the 
Sun's rays and in annular eclipses it is this partial shadow 
only which reaches the Earth, while the umbra, or dark 
shadow terminates in the air. Hence annular eclipses 
are never total in any part of the Earth. The penumbra, 
as already stated, may cover more than 4,000 miles of space, 
while the umbra never covers more than 200 miles in diam- 
eter ; hence partial eclipses of the Sun may be seen by a 
vast number of inhabitants, while comparatively few will 
witness the total eclipse. 

929. When there happens a total solar eclipse to us, we 
are eclipsed to the Moon, and when the Moon is eclipsed to 
us, an eclipse of the Sun happens to the Moon. To the 
Moon, an eclipse of the Earth can never be total, since her 
shadow covers only a small portion of the Earth's surface. 
Such an eclipse, therefore, at the Moon, appears only as a 
dark spot on the face of the Earth ; but when the Moon is 
eclipsed to us, the Sun is partially eclipsed to the Moon for 
several hours longer than the Moon is eclipsed to us. 



930. The ebbing and flowing of the sea, which regularly 
takes place twice in 24 hours, are called the tides. The cause 

What is said concerning eclipses of the Earth, as seen from the Moon ? What are 
the tides 1 What is the cause of the tides ! What Causes the tide to rise on the side 
of the Earth opposite to the Moon 1 
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of the titles, is the attraction of the Sun and Moon, but chiefly 
of the Moon, on the waters of the ocean. In virtue of the 
universal principle of gravitation, heretofore explained, the 
Moon, by her attraction, draws, or raises the water towards 
her, but because the power of attraction diminishes as the 
squares of the distances increase, the waters, on the oppo- 
site side of the Earth, are not. so much attracted as they are 
on the side nearest the Moon. This want of attraction, to- 
gether with the greater centrifugal force of the Earth on its 
opposite side, produced in consequence of its greater distance 
from the common centre of gravity, between the Earth and 
Moon, causes the waters to rise on the opposite side, at the 
same time that they are raised by direct attraction on the 
side nearest the Moon. 

Thus the waters are constantly elevated on the sides of 
the Earth opposite to each other above their common level, 
and consequently depressed at opposite points equally distant 
from these elevations. 

Let m, Fig. 245, be the Moon, and E the Earth covered 

Fig. 245, 





Illustration of the Tides. 

with water. As the Moon passes round the Earth, its solid 
and fluid parts are equally attracted by her influence accord- 
ing to their densities ; but while the solid parts are at liberty 
to move only as a whole, the water obeys the slightest im- 
pulse, and thus tends towards the Moon where her attraction 
is the strongest. Consequently, the waters are perpetually 
elevated immediately under the Moon. If, therefore, the 
Earth stood still, the influence of the Moon's attraction 
would raise the tides only as she passed round the Earth. 
But as the Earth turns on her axis every 24 hours and as 
the waters nearest the Moon, as at a, are constantly elevated, 
they will, in the course of 24 hours, move round t he whole 

If the Earth stood still, th,' tides um.U riTe only as the Moon passes round the 
Eartn ;whatmen causes the tides to rise twice in 24 hours ! 



Earth, and consequently from this cause there will be high 
water at every place once in 24 hours. As the elevation of 
the waters under the Moon causes their depression at 90 
degrees distance on the opposite sides of the. Earth, d and c, 
the point c will come to the same place, by the Earth's 
diurnal revolution, six hours after the point a, because c is 
one quarter of the circumference of the Earth from the point 
a, and therefore there will be low water at any given place 
six hours after it was high water at that place. But while 
it is high water under the Moon, in consequence of her 
direct attraction, it is also high water on the opposite side of 
the Earth in consequence of her diminished attraction, and 
the Earth's centrifugal motion, and therefore it will be high 
water from this cause twelve hours after it was high water 
from the former cause, and six hours after it was low water 
from both causes. 

Thus, when it is high water at a and &, it is low water at 
c and d, and as the Earth revolves once in 24 hours, there 
will be an alternate ebbing and flowing of the tide, at every 
place, once in six hours. 

But while the Earth turns on her axis, the Moon advances 
in her orbit, and consequently any given point on the Earth 
will not come under the Moon on one day so soon as it did 
on the day before. For this reason, high or low water at 
any place comes about fifty minutes later on one day than 
it did the day before. 

Thus far we have considered no other attractive influence 
except that of the Moon, as affecting the waters of the 
ocean. But the Sun, as already observed, has an effect 
upon the tides, though on account of his great distance, his, 
influence is small when compared with that of the Moon. / 

931. When the Sun and Moon are in conjunction, as rep- 
resented in Fig 245, which takes place at her change, or 
when they are in opposition, which takes place at full 
Moon, then their forces are united, or act on the waters in 
the same direction, and consequently the tides are elevated 
higher than usual, and on this account are called spring 
tides. 

932. But when the Moon is in her quadratures, or quar- 
ters, the attraction of the Sun tends to counteract that of 



When it is high water under the Moon by her attraction, what is the cause of high 
water on the opposite side of the Earth, at the same time 1 Why are the tides about 
fifty minutes later every day? What produces spring tipjepl Where rr.nsr the 
Moon be in respect to the Sun. to produce spring lidw 7 
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the Moon, and although his attraction does not elevate the 
waters and produce tides, his influence diminishes that of 
the Moon, and consequently the elevation of the waters are 
less when the Sun and Moon are so situated in respect to 
each other, than when they are in conjunction, or opposition. 
This effect is represented by Fig. 246, where the elevation 
of the tides at c and d is produced by the causes already 
explained; but their elevation is not so great as in Fig. 245, 
since the influence of the Sun acting in the direction a b, 
tends to counteract the Moon's attractive influence. These 
small tides are called neap tides, and happen only when the 
Moon is in her quadratures. 

Fis- 246. 




Small, or Neap Tides. 




The tides are not at their greatest heights at the time 
when the Moon is at its meridian, but some time afterwards, 
because the water, having a motion forward, continues to 
advance by its own inertia, some time after the direct influ- 
ence of the Moon has ceased to affect it. 



LATITUDE AND LONGITUDE. 



933. Latitude is the distance from the equator in a direct 
line, north or south, measured in degrees and minutes. The 
number of degrees is 90 north, and as many south, each line 
on which these degrees are reckoned running from the equa- 
tor to the poles. Places at the north of the equator are in 
north latitude, and those south of the equator are in south 
latitude. Th« parallels of latitude are imaginary lines drawn 
parallel to the equator, either north or south, and hence 






340 



LATITUDE AND LONGITUDE 



every place situated on the same parallel, is in the same 
latitude because every such place must be at the same dis- 
tance from the equator. The length of a degree of latitude 
is 60 geographical miles. 

934. Longitude is the distance measured in degrees and 
minutes, either east or west, from any given point on the equa- 
tor, or on any parallel of latitude. Hence the lines, or 
meridians of longitude, cross those of latitude at right- 
angles. The degrees of longitude are 180 in number, its 
lines extending half a circle to the east, and half a circle to 
the west, from any given meridian, so as to include the whole 
circumference of the Earth. A degree of longitude, at the 
equator, is of the same length as a degree of latitude, but 
as the poles are approached, the degrees of longitude dimin- 
ish in length, because the Earth grows smaller in circum- 
ference from the equator towards the poles ; hence the lines 
surrounding it become less and less. This will be made 
obvious by Fig. 247. 

Let this figure represent 
the Earth, N being the 
north pole, & the south pole, 
and E W the equator. The 
lines 10, 20, 30, and so on, 
are the parallels of latitude, 
and the lines N a S, A T b S, 
&c, are meridian lines, or 
those of longitude. 

The latitude of any place 
on the globe, is the number 
of degrees between that 
place and the equator, meas- 
ured on a meridian line ; thus, 
x is in latitude 40 degrees, 
because the x g part of the meridian contains 40 degrees. 

The longitude of a place is the number of degrees it, is 
situated east or west from any meridian line ; thus, v is 20 
degrees west longitude from oc, and x is 20 degrees east lon- 
gitude from v. 

935. As the equator divides the Earth into two equal 
parts, or hemispheres, there seems to be a natural reason 
why the degrees of latitude should be reckoned from this 




Parallels of Longitude. 



What is longitude? How many degrees of longitude are there, east or west f 
What is the latitude of any place 1 What is the longitude of a place ? Why are the 
degrees of latitude reckoned from the equator ? 
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great circle. But from east to west there is no natural 
division of the Earth, each meridian line being a great 
circle, dividing the Earth into two hemispheres, and hence 
there is no natural reason why longitude should be reckoned 
from one meridian any more than another. It has, therefore, 
been customary for writers and mariners to reckon longitude 
from the capital of their own country ; as the English from 
London, the French from Paris, and the Americans from 
Washington. But this mode, it is apparent, must occasion 
much confusion, since each writer of a different nation would 
be obliged to correct the longitude of all other countries, to 
make it agree with his own. More recently, therefore, the 
writers of Europe and America have selected the royal 
observatory, at Greenwich, near London, as the first meridian, 
and on most maps and charts lately published, longitude is 
reckoned from that place. 

936. How Latitude is found. — The latitude of any place 
is determined by taking the altitude of the Sun at mid-day, 
and then subtracting this from 90 degrees, making proper 
allowances for the Sun's place in the heavens. The reason 
of this will be understood, when it is considered that the 
whole number of degrees from the zenith to the horizon is 
90, and therefore if we ascertain the Sun's distance from the 
horizon, that is, his altitude, by allowing for the Sun's decli- 
nation north or south of the equator, and subtracting this 
from the whole number, the latitude of the place will be 
found. Thus, suppose that on the 20th of March, when the 
Sun is at the equator, his altitude from any place north of 
the equator should be found to be 48 degrees above the hori- 
zon ; this, subtracted from 90, the whole number of the 
degrees of latitude, leaves 42, which will be the latitude of 
the place where the observation was made. 

937. If the Sun, at the time of observation, has a declina- 
tion north or south of the equator, this declination must be 
added to, or subtracted from, the meridian altitude, as the 
case may be. For instance, another observation being taken 
at the place where the latitude was found to be 42, when the 
Sun had a decimation of 8 degrees north, then his altitude 
would be 8 degrees greater than before, and therefore 56, 



What is said concerning the places from which the degrees of longitude have been 
reckoned ? WhaUs the inconvenience of estimating longitude from a place :in each 
Svl From what place is longitude reckoned in Europe and America? How 
E ^l T I, IX. m f a nlice determined ? Give an example of the method of finding 
IL Kti ude of the same plac > a Afferent seasons of the /ear ? When must the Sun's 
dechnatio" from t iT equator be added to. and when subtracted from, his meridian 



altitude ? 



342 LATITUDE AND LONGITUDE. 

instead of 48. Now, subtracting this 8, the Sun's decli- 
nation, from 56, and the remainder from 90, and the latitude 
of the place will be found 42, as before. If the Sun's decli- 
nation be south of the equator, and the latitude of the place 
north, his declination must be added to the meridian altitude 
instead of being subtracted from it. The same result maj 
be obtained by taking the meridian altitude of any of the 
fixed stars, whose declinations are known, instead of the 
Sun's, and proceeding as above directed. 

938. How Longitude is found. — There is more difficulty 
in ascertaining the degrees of longitude, than those of lati- 
tude, because, as above stated, there is no fixed point, like 
that of the equator, from which its degrees are reckoned. 
The degrees of longitude are therefore estimated from Green- 
wich, and are ascertained by the following methods : — 

939. When the Sun comes to the meridian of any place, 
it is noon, or 12 o'clock, at that place, and therefore, since 
the equator is divided into 360 equal parts, or degrees, and 
since the Earth turns on its axis once in 24 hours, 15 degrees 
of the equator will correspond with one hour of time, for 360 
degrees being divided by 24 hours, will give 15. The Earth, 
therefore, moves in her daily revolution, at the rate of 15 
degrees for every hour of time. Now, as the apparent 
course of the Sun is from east to west, it is obvious that he 
will come to any meridian lying east of a given place, 
sooner than to one lying west of that place, and therefore 
it will be 12 o'clock to the east of any place, sooner than at 
that place, or to the west of it. When, therefore, it is noon 
at any one place, it will be 1 o'clock at all places 15 degrees 
to the east of it, because the Sun was at the meridian of such 
places an hour before ; and so, on the contrary, it will be 
eleven o'clock, fifteen degrees west of the same place, be- 
cause the Sun has still an hour to travel before he reaches 
the meridian of that place. It makes no difference, then, 
where the observer is placed, since, if it is 12 o'clock where 
he is, it will be 1 o'clock 15 degrees to the east of him, and 
11 o'clock 15 degrees to the west of him and so in this pro 
portion, let the time be more or less. Now, if any celestial 
phenomenon should happen, such as an eclipse of the Moon, 
or of Jupiter's satellites, the difference of longitude between 

Why is there more difficulty in ascertaining the degrees of longitude than of lati- 
tude'! How many degrees of longitude does the surface of the Earth )>a>s through 
in an hour ? Suppose it is noon at, any given place, what o'clock will it he 1 
tothe east of that place 1 Explain the reason. How may longitude be determined 
by an eclipse ? 
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two places where it is observed, tnav be deteriniii 
difference of the times at which it appeared to take place. 
Thus, if the Moon enters the Earth's shadow at G o'clock 
in the evening, as seen at Philadelphia, and at half past 6 
o'clock at another place, then this place is half an hour, or 
7-J- degrees, to the east of Philadelphia, because 7-J degrees 
of longitude are equal to half an hour of time. To apply 
these observations practically, it is only necessary that it 
should be known exactly at what time the eclipse takes 
place at a given point on the Earth. 

940. Use of the Chronometer. — Longitude is also ascer- 
tained by means of a chronometer, or true time-piece, ad- 
justed to any given meridian ; for if the difference between 
two clocks situated east and west of each other, and going 
exactly at the same rate, can be known at the same time, 
then the distance between the two meridians, where the 
clocks are placed, will be known, and the difference of longi- 
tude may be found. 

Suppose two chronometers, which are known to go at ex- 
actly the same rate, are made to indicate 12 o'clock by 
the meridian line at Greenwich, and the one be taken to sea, 
while the other remains at Greenwich. Then suppose the 
captain, who takes his chronometer to sea, has occasion to 
know his longitude. In the first place, he ascertains, by an 
observation of the Sun, when it is twelve o'clock at the place 
where he is, and then by his time-piece, when it is 12 o'clock 
at Greenwich, and by allowing 15 degrees for every hour of 
the difference in time, he will know his precise longitude in 
any part of the world. For example, suppose the captain 
sails with his chronometer for America, and after being sev- 
eral weeks at sea, finds by observation that it is 12 o'clock 
by the Sun, and at the same time finds by his chronometer, 
that it is 4 o'clock at Greenwich. Then because it is noon 
at his place of observation after it is noon at Greenwich, he 
knows that his longitude is west from Greenwich, and by 
allowing 15 degrees for every hour of the difference, his lon- 
gitude is ascertained. Thus, 15 degrees, multiplied by 4 
hours, give 60 degrees of west longitude from Greenwich. 
If it is noon at the place of observation, before it is noon at 



Exolain the principles on which longitude is determined by the chronometer. 
BwnoMdu captain timls bv his chronometer that it is 12 o'clock where he is, 
fihours later than at Greenwich, what then would be his longitude 1 Suppose he 
lin .1 "it tc "be 12 o'clock 4 hours earlier where he is, than at Greenwich, what then 
would be his longitude 3 
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Greenwich, then the captain knows that his longitude is 
east, and his true place is found in the same manner. 
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FIXED STARS. 



941. The stars are called fixed, because they have been ob- 
served not to change their places with respect to each other. 
They may be distinguished by the naked eye from the plan- 
ets of our system by their scintillations, or twinkling. The 
stars are divided into classes, according to their magnitudes, 
and are called stars of the first, second, and so on to the 
sixth magnitude. About 2,000 stars may be seen with the 
naked eye in the whole vault of the heavens, though only 
about 1,000 are above the horizon at the same time. Of 
these, about 17 are of the first magnitude, 50 of the second 
magnitude, and 150 of the third magnitude. The others 
are of the fourth, fifth, and sixths magnitudes, the last of 
which are the smallest that can be distinguished with the 
naked eye. 

942. It might seem incredible, that on a clear night only 
about 1,000 stars are visible, when on a single glance at the 
different parts of the firmament, their numbers appear innu- 
merable. But this deception arises from the confused and 
hasty manner in which they are viewed, for if we look stea- 
dily on a particular portion of sky, and count the stars con- 
tained within certain limits, we shall be surprised to find 
their number so few. 

943. As we have incomparably more light from the 
Moon than from all the stars together, it is absurd to suppose 
that they were made for no other purpose than to cast so faint 
a glimmering on our Earth, and especially as a great propor- 
tion of them are invisible to our naked eyes. The ne 
fixed stars to our system, from the most accurate astronomi- 
cal calculations, cannot be nearer than 20.000,000,000,000, 
or 20 trillions of miles from the Earth, a distance so immense, 
that light cannot pass through it in less than three years. 
Hence, were these stars annihilated at the present time, their 
light would continue to flow towards us, and they would ap- 
pear to be in the same situation to us, three years hence, that 
they do now. 



Why are the stars called fixed 1 How may the stars be distinguished from the 
planets? The stars are divided into classes, according to their magnitudes : how 
many classes are there ? How many stars may be seen with the naked eve in the 
whole firmament ? Why does there appear to be more stars than thei 
What is the computed distance of the nearest fixed Btars from the Earth ' How 
long would it take light to reach us from the fixed stars ? 
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944. Our Sun, seen from the distance of the nearest fixed 
stars, would appear no larger than a star of the first magni- 
tude does to us. These stars appear no larger to us, when 
the Earth is in that part of her orbit nearest to them, than 
they do, when she is in the opposite part of her orbit ; and as 
our distance from the Sun is 95,000,000 of miles, we must 
be twice this distance, or the whole diameter of the Earth's 
orbit, nearer a given fixed star at one period of the year than 
at another. The difference, therefore, of 190,000,000 of 
miles, bears so small a proportion to the whole distance be- 
tween us and the fixed stars, as to make no appreciable dif- 
ference in their sizes, even when assisted by the most pow- 
erful telescopes. 

945. The amazing distances of the fixed stars may also 
be inferred from the return of comets to our system, after an 
absence of several hundred years. 

The velocity with which some of these bodies move, when 
nearest the Sun, has been computed at nearly a million of 
miles in an hour, and although their velocities must be per- 
petually retarded, as they recede from the Sun, still, in 250 
years of time, they must move through a space which to us 
would be infinite. The periodical return of one comet is 
known to be upwards of 500 years, making more than 250 
years in performing its journey to the most remote part of its 
orbit, and as many in returning back to our system ; and 
that it must still always be nearer our system than the fixed 
stars, is proved by its return ; for by the laws of gravitation, 
did it approach nearer another system it would never again 
return to ours. 

From such proofs of the vast distances of the fixed stars, 
there can be no doubt that they shine with their own light, 
like our Sun, and hence the conclusion that they are Suns to 
other worlds, which move around them, as the planets do 
around our Sun. Their distances will, however, prevent our 
ever knowing, except by conjecture, whether this is the case 
or not, since, were they millions of times nearer us than they 
are, we should not be able to discover the reflected light of 
their planets. 

How large would our Sun appear at th< , distance of the fixec > ««*» Whatjs 
sa" conceding the difference ot the d.s tance bet ^ n ^* ance in consequence ! 
at different seasons ol ^{"l^Sd**^ . ■ in' the long absence and re- 

KffS&^WK^WASS •* < he fixed stars are £uns t0 

other worlds 1 
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946. Besides the planets, which move round the Sun in 
regular order and in nearly circular orbits, there belongs to 
the solar system an unknown number of bodies called Comets, 
which move round the Sun in orbits exceedingly eccentric, 
or elliptical, and whose appearance among our heavenly 
bodies is only occasional. Comets, to the naked eye, have 
no visible disc, but shine with a faint, glimmering light, and 
are accompanied by a train or tail, turned from the Sun, and 
which is sometimes of immense length. They appear in every 
region of the heavens, and move in every possible direction. 

In the days of ignorance and superstition, comets were con- 
sidered the harbingers of war, pestilence, or some other great or 
general evil ; and it was not until astronomy had made consid- 
erable progress as a science, that these strangers could be seen 
with our planets without the expectation of some direful event. 

947. It had been supposed that comets moved in straight 
lines, coming from the regions of infinite or unknown space, 
and merely passing by our system, on their way to regions 
equally unknown and infinite, and from which they never 
returned. Sir Isaac Newton was the first to demonstrate 
that the comets pass round the Sun. like the planets, but that 
their orbits are exceedingly elliptical, and extend out to a 
vast distance beyond the solar system. 

948. Number and periods of Comets. The number of 
comets is unknown, though some astronomers suppose that 
there are nearly 500 belonging to our system. Ferguson, 
who wrote in about 1760, supposed that there were less than 
30 comets which made us occasional visits ; but since that 
period the elements of the orbits of nearly 100 of these bo- 
dies have been computed. 

Of these, however, there are only three whose periods of 
return among us are known with any degree of certainty. 
The first of these has a 

period of 75 years ; the Fig. 248. 

second a period of 129 |j| 
years ; and the third a 
period of 575 years The 
third appeared in 1680, 
and therefore cannot be 
expected again until the 

^^JstexcTted 

o '. Cumet (if 1680. 

the most intense interest 
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among the astronomers of Europe, on account of its great 
apparent size and near approach to our system. In the most 
remote part of its orbit, its distance from the Sun was esti- 
mated at about 11.200.000,000 of miles. At its nearest ap- 
proach to the Sun, which was only about 50,000 miles, its 
velocity, according to Sir Isaac Newton, was 880,000 miles 
in an hour: and supposing it to have retained the Sun's 
heat, like other solid bodies, its temperature must have been 
about 2,000 times that of red hot iron. The tail of this 
comet was at least 100,000,000 of miles long. 

949. in the Edinburgh Encyclopedia, article Astronomy, 
there is the most complete table of comets yet published. 
This table contains the elements of 97 comets, calculated 
by different astronomers, down to the year 1808. 

From this table it appears that 24 comets have passed be- 
tween the Sun and the orbit of Mercury : 33 between the 
orbits of Venus and the Earth ; 15 between the orbits of the 
Earth and Mars ; 3 between the orbits of Mars and Ceres ; 
and 1 between the orbits of Ceres and Jupiter. It also ap- 
pears by this table that 49 comets have moved round the 
Sun from west to east, and 48 from east to west. 

950. Nature of Comets. Of the nature of these wander- 
ing planets very little is known. When examined by a tel- 
escope, they appear like a mass of vapors surrounding a 
dark nucleus. When the comet is at its perihelion, or nearest 
the Sun, its color seems to be heightened by the intense light 
or heat of that luminary, and it then often shines with 
more brilliancy than the planets. At this time the tail or 
train, which is always directly opposite to the Sun, appears 
at Us greatest length, but is commonly so transparent as to 
permit the fixed stars to be seen through it. A variety of 
opinions have been advanced by astronomers concerning the 
nature and causes of these trains. Newton supposed that 
they were thin vapor, made to ascend by the Sun's heat, as 
the smoke of a fire ascends from the Earth ; while Kepler 
maintained that it was the atmosphere of the comet driven 
behind it by the impulse of the Sun's rays. Others suppose 
that this appearance arises from streams of electric matter 
passing away from the comet, &c. 
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PARALLAX. 

Parallax is the difference between the true, and apparent 
place of a celestial body. The apparent place is that in 
which the body seems to be when viewed from the surface 
of the Earth, the true place being that in which it would ap- 
pear if seen from the centre of the earth. 

This will be under- 
stood by Fig. 249, Fig. 249 
where if we suppose, 
a spectator placed at 
G, in the Earth's cen- 
tre, he would see the 
moon E, among the 
stars at I, whereas 
without changing the 
position of the moon, 
if that body is seen from 
A, on the surface of the 
Earth, it would appear 
among the stars at K. 
Now I is the true and 
K the apparent place of 
the moon, the space be- 
tween them, being the Moon's parallax. 

The parallax of a body is greatest which on the sensible 
horizon, (870,) or at the moment when it becomes visible to 
the eye. From this point it diminishes until it reaches the 
zenith, or the highest place in the heavens, when its paral- 
lax ceases entirely. Thus it will be seen by the figure, that 
the parallax of the moon is less when at D, than it was at 
E, and that when it arrives at the zenith, Z, its position is 
the same whether seen from the centre of the Earth, G, or 
from its surface A. 

The greater the distance of the heavenly body from the 
spectator, the less is its parallax. 

Thus were the Moon at e instead of at E,her parallax would 
be only equal to p K, instead of I K. Hence the Moon, being 
the nearest celestial body, has the greatest parallax, the differ- 
ence of her place among the stars, when seen from the surface 
of the Earth, A, and the centre G, being about 4,000 miles. 

What is parallax 1 What is ihe apparent place of a celestial body 7 Whal is Hie 
true place of such a body ' Explain Fig. 249, and show wh; parallal 

when the body is in the zenith ' 



Dhirnal Parallax. 
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Parallax of the Stars. The stars are at such immense 
distances from the Earth, that the difference of station be- 
tween the centre and surface of the Earth makes no percep- 
tible change in their places, and hence they have no par- 
allax. 

Diurnal Parallax. This applies to the solar system, and 
takes place every day in the apparent rotation of the planets 
around the Earth. The Moon as above shown has a par- 
allax when she rises, which diminishes until she reaches 
the zenith, when it ceases entirely; the same is the case 
with the Sun and planets, which have sensible parallaxes. 
Annual Parallax. This is the difference in the apparent 
places of the celestial bodies, as seen from the Earth at the 
opposite points of her orbit, during her annual revolution 
round the Sun. 

Suppose a Fig. 250, to be a stationary celestial object, 
then as the Earth makes her annual revolution around the 
Sun S, this object at one time will appear among the stars 
at e, but six months 

after, when the Earth Fig. 250. 

comes to the opposite 
point in her orbit, the 
same object will be 
seen at c, the space 
from c to e being the 
annual parallax of the 
object a. But the dis- 
tances of the stars are 
so great that the diam- 
eter of the Earth's or- 
bit, or 190.000,000 of 

miles make no difference in their apparent places 
the fixed stars within 19,000,000,000,000, or 19 trillions of 
miles, their distance could be told by their parallaxes. 




Annual Parallax. 
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CHAPTER XII- 

ELECTRICITY. 

951 ' The science of Electricity, which now ranks as an 

amportanT "ranch of Natural P^^^^^jSS 

date The ancients were acquainted with a lew detacnea 

facts dependent on the agency of electrical mfluence, but 
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they never imagined that it was extensively concerned in 
the operations of nature, or that it pervaded material sub- 
stances generally. The term electricity is derived from elec- 
tron, the Greek name of amber, because it was known to the 
ancients, that when that substance was rubbed or excited, it 
attracted or repelled small light bodies, but it was then un- 
known that other substances when excited would do the 
same. 

952. When a piece of glass, sealing-wax, or amber, is 
rubbed with a dry hand, and held towards small and light 
bodies, such as threads, hairs, feathers, or straws, these 
bodies will fly towards the surface thus rubbed, and adhere 
to it for a short time. The influence by which these small 
substances are drawn, is called electrical attraction ; the sur- 
face having this attractive power is said to be excited ; and 
the substances susceptible of this excitation, are called elec- 
trics. Substances not having this attractive power when 
rubbed, are called non-electrics. 

953. The principle electrics are amber, rosin, sulphur, 
glass, the precious stones, sealing-wax, and the fur of quad- 
rupeds. But the metals, and many other bodies, may be ex- 
cited when insulated and treated in a certain manner. 

After the light substances which had been attracted by 
the excited surface, have remained in contact with it a short 
time, the force which brought them together ceases to act, 
or acts in a contrary direction, and the light bodies are re- 
pelled, or thrown away from the excited surface. Two 
bodies, also, which have been in contact with the excited 
surface, mutually repel each other. 

954. Electroscope. — Various modes have been devised for 
exhibiting distinctly the attractive and repulsive agencies of 
electricity, and for obtaining indications of its presence, when 
it exists only in a feeble, degree. Instruments for this pur- 
pose are termed Electroscopes. 

955. One of the simplest instruments of this kind consists 
of a metallic needle, terminated at each end by a light pith- 
ball, which is covered with gold leaf, and supported horizon- 
tally at its centre by a fine point, Fig. 25 1 . When a stick of 
sealing-wax, or a glass tube, is excited, and then presented to 

What is diurnal parallax? What is annual parallax? Why have the stars no 
parallaxes ? From what is the term electricity derived ? What is electrical attrac- 
tion ? What are electrics ? What are non-electrics ? What are the principal elec- 
tr ! -s? What is meant by electrical repulsion ? 
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Electroscojie. 

Fig. 252. 




one of these balls, the motion of Fig. 25 1 . 

the needle on its pivot will indi- 
cate the electrical influence. 

956. If an excited substance 
be brought near a ball made of 
pith, or cork, suspended by a 
silk thread, the ball will, in the 
first place, approach the electric, 
as at a, Fig. 252, indicating an 
attraction towards it, and if the 
position of the electric will al- 
low, the ball will come into con- 
tact with the electric, and ad- 
here to it for a short time, and 
will then recede from it, show- 
ing that it is repelled, as at b. 

If, nOW, the ball which had Electrical Attraction. 

touched the electric, be brought 

near another ball, which has had no communication with 
an excited substance, these two balls will attract each other, 
and come into contact ; after which they will repel each 
other, as in the former case. 

957. It appears, therefore, that the excited body, as the 
stick of sealing-wax, imparts a portion of its electricity to 
the ball, and that when the ball is also electrified, a mutual 
repulsion then takes place between them. Afterwards, the 
ball, being electrified by contact with the electric, when 
brought near another ball not electrified, transfers a part of 
its electrical influence to that, after which these two balls 
repel each other, as in the former instance 

958. Thus, when one substance has a greater or less quan- 
tity of electricity than another, it will attract the other sub- 
stance, and when they are in contact will impart to it a por- 
tion of this superabundance ; but when they are both equally 
electrified, both having more or less than their natural quan- 
tity of electricity, they will repel each other. 

Electrical Theories. — To account for these phenomena, 
two theories have been advanced, one by Dr. Franklin, who 
supposes there is only one electrical fluid, and the other by 
Du Fay, who supposes that there are two distinct fluids. 

What isan electroscope > Wbendo two electrified bodies attract, and when do 
theVieVeleacl other ! How will two bodies act, one having more and the other 
lesl y than the a r,l quantity of electricity, when brought near each other 1 How 
wHU lo ■ ' t w • n both have more or less than their natural quantity ! 
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959. Franklin's Theory.— Dr. Franklin supposed that all 
terrestrial substances were pervaded with the electrical fluid, 
and that by exciting an electric, the equilibrium of this fluid 
was destroyed, so that one part of the excited body contained 
more than its natural quantity of electricity, and the other 
part less. If in this state a conductor of electricity, as a 
piece of metal, be brought near the excited part, the accu- 
mulated electricity would be imparted to it, and then this 
conductor would receive more than its natural quantity of 
the electric fluid. This he called positive electricity. But 
if a conductor be connected with that part which has less 
than its ordinary share of the fluid, then the conductor parts 
with a share of its own, and therefore will then contain less 
than its natural quantity. This he called negative electricity. 
When one body positively and another negatively electrified, 
are connected by a conducting substance, the fluid rushes 
from the positive to the negative body, and the equilibrium 
is restored. Thus, bodies which are said to be positively 
electrified, contain more than their natural quantity of elec- 
tricity, while those which are negatively electrified contain 
less than their natural quantity. 

960. Du Fay's Theory. — The other theory is explained 
thus When a piece of glass is excited and made to touch 
a pith ball, as above stated, then that ball will attract another 
ball, after which they will mutually repel each other, and 
the same will happen if a piece of sealing-wax be used in- 
stead of the glass. But if a piece of excited glass, and an- 
other of wax, be made to touch two separate balls, they will 
attract each other ; that is, the ball which received its elec- 
tricity from the wax will attract that which received its elec- 
tricity from the glass, and will be attracted by it. Hence 
Du Fay concludes that electricity consists of two distinct 
fluids, which exist together in all bodies — that they have a 
mutual attraction for each other — that they are separated 
by the excitation of electrics, and that when thus separated, 
and transferred to non-electrics, as to the pith balls, their 
mutual attraction causes the balls to rush towards each 
other. These two principles he called vitreous and resinous 
electricity. The vitreous being obtained from glass, and the 
resinous from wax and other resinous substances. 

Explain Br. Franklin's theory ef electricity. What is meant by positive, and what 
by negative electricity 1 Wiiat is the consequence, when a positive and a negative 
body are connected by a conductor 1 Explain Du Fay's theory. When two bails 
are electrified, one with glass and the other with wax, will they attract or repel each 
other? What are t he two electricities called ? Prom what substances are the two 
i lectricities obtained ? 
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961. Dr. Franklin's theory is by far the most simple, and 
will account for most of the electrical phenomena equally 
well with that of Du Fay, and therefore has been adopted 
by the most able and recent electricians. 

962. It is found that some substances conduct the electric 
rim (I from a positive to a negative surface with great fa- 
cility, while others conduct it with difficulty, and others not 

it all. Substances of the first kind are called conductors, 

and those of the last non-conductors. The electrics, or such 
itances as being excited, communicate electricity, are all 
conductors, while the non-electrics, or such substances 

; do not communicate electricity on being merely excited, 
conductors. The conductors are the metals, charcoal, 

witter, and other fluids, except the oils ; also smoke, steam, 

ice, and snow. The best conductors are gold, silver, platina, 

brass, and iron. 

The electrics, or non-conductors, are glass, amber, sulphur, 

resin, wax, silk, most hard stones, and the furs of some ani- 

mal ; . 

963. A body is said to be insulated, when it is supported 
or surrounded by an electric . Thus, a stool standing on glass 
legs, is insulated, and a plate of metal laid on a plate of 
glass, is insulated. 

964. Electrical Machine. — When large quantities of the 
electric fluid are wanted for experiment, or for other purposes, 
it is procured by an electrical machine. These machines are 
of various forms, but all consist of an electric substance of 
considerable dimensions ; the rubber by which this is excited ; 
the prime conductor, on which the electric matter is accumu- 
lated ; the insulator, which prevents the fluid from escaping ; 
and machinery, by which the electric is set in motion. 

965 Formerly a glass cylinder was employed as an elec- 
tric, but more recently, round, flat plates of glass, called plate 
machines, are used instead of cylinders. This is a great im- 
provement, since both sides of the plate are exposed to elec- 
trical friction, which in the cylinder, the outside only could 

be excited. _. ■„ , • . e 

This machine is represented by Fig. 253, and consists of 

a circular plate of glass, from one to two or three feet in di- 

umetelr, turmng on an axis ofwoodwhic h passes through its 

What inductors* *ttlS2SS2X*2R mat' ZgSZ 5 ££ 
^tS^S^^M^ -o be insulated 1 What are the 
! ;,1 parts of an electrical machine ? ^ 
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Fig. 253. 




Plate Electrical Machine. 



centre. The plate is rubbed as it revolves, by two cushions, 
a and b, fixed at opposite points of its circumference, and by 
means of elastic slips of wood adjusted by screws, made to 
press on its surface. On the opposite side are two other 
cushions, the plate revolving between them. A brass prime 
conductor, c, supported by a glass standard, is attached to 
the frame of the machine On each side of the conductor 
are branches of the same metal, at the ends of which are 
sharp wires nearly touching the glass plate, and by means 
of which the electric fluid is collected and conveyed to the 
conductor. 

966. Mode of Action. — The manner in which this machine 
acts is easily understood. The friction of the cushions 
against the glass plate, transfers the electrical fluid from the 
cushions to the glass, so that while the glass becomes pos- 
itive, the cushions become negative. Meantime, the fluid, 
which adheres to the surface of the glass, is attracted by 
the metallic points and conveyed to the prime conductor, 
which being insulated by the glass standard, the electricity 
is there accumulated in quantities proportionate to the sur- 
face of the conductor. 

If the cushions are insulated, the quantity of electricity ob- 
tained is limited, consisting of that, merely, which the cush- 
ions contained, and when this is transferred to the plate, no 

Describe the electrical machine, Fig. 253. Whence conies the electricity, when 
the plate is turned 1 Why is it necessary to throw the chain on the sxound to obtain 
more electricity 7 
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more can be obtained. It is then necessary to make the 
cushions communicate with the ground, the great reservoir 
of electricity, by laying the chain attached to the cushions on 
the floor or table, when on again turning the machine, more 
of the fluid will be conveyed to the conductor. 

967. If a person who is insulated takes the chain in his 
hand, the electric fluid will be drawn from him, along the 
chain, to the cushion, and from the cushion will be transfer- 
red to the prime conductor, and thus the person will become 
negatively electrified. If, then, another person, standing on 
the floor, hold his knuckle near him who is insulated, a 
spark of electric fire will pass between them, with a crack- 
lino- noise, and the equilibrium will be restored ; that is, the 
electric fluid will pass from him who stands on the floor, to 
him who stands on the stool. But if the insulated person 
takes hold of a chain, connected with the prime conductor, 
he may be considered as forming a part of the conductor, and 
therefore the electric fluid will be accumulated all over his 
surface, and he will be positively electrified, or will obtain 
more than his natural quantity of electricity. If now a per- 
son standing on the floor touch this person, he will receive a 
spark of electrical fire from him, and the equilibrium will 
again be restored. 

963 If two persons stand on two insulated stools, or it 
they both stand on a plate of glass, or a cake of wax, the 
one person being connected by the chain with the prime con- 
ductor and the other with the cushion, then, after working 
the machine, if they touch each other, a much stronger 
shock will be felt than in either of the other cases, because 
the difference between their electrical states will be greater 
the one having more and the other less than his natural 
quantity of electricity. But. if the two insulated persons both 
tike hold of the chain connected with the prime conductor 
or with that connected with the cushion, no spark will pass 
between them, on touching each other, because they will 
then both be in the same electrical state 

969. We have seen, Fig. 252, that the pith ball is tot 
attracted and then repelled, by the excited elect , c and tha 
the ball so repelled will attract^rbejittn^ 
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stances in its vicinity, in consequence of having received 
from the excited body more than its ordinary quantity of 
electricity. 

These alternate movements are amusingly exhibited by 
placing some small light bodies, such as the figures of men 
and women, made of pith, or paper, between two metallic 
plates, the one placed over the other, as in Fig. 254, the up- 
per plate communicating with the prime conductor, and the 
other with the ground. When the electricity is communi- 
cated to the upper plate, the little figures, being attracted by 
the electricity, will jump up and strike their heads against 
it, and having received a portion of the fluid, are instantly 
repelled, and again attracted by the lower plate, to which 
they impart their electricity, and then are again attracted, 
and so fetch and carry the electric fluid from one to the 
other, as long as the upper plate contains more than the 
lower one. In the same manner, a tumbler, if electrified on 
the inside, and placed over light substances, as pith balls, 
will cause them to dance for a considerable time. 



Fig. 254. 




Fig. 255. 




Electrometer. 



Attraction and Repulsion. 



970. Electrometer. Instruments designed to measure the 
intensity of electric action, are called Electrometers. Such 
an instrument is represented by Fig. 255. It consists of a 



Explain the reason why the little images dance between the two metallic plates, 
Fig. 254. What is an electrometer ? 
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slender rod of light, wood, a, terminated by a pith ball, which 
serves as an index. This is suspended at the upper part of 
the wooden stem, i, so as to play easily backwards and for- 
wards. The ivory semicircle c, is affixed to the stem, hav- 
ing its centre coinciding with the axis of motion of the rod, 
so as to measure the angle of deviation from the perpendicu- 
lar, which the repulsion of the ball from the stem produces 
on the index. 

When this instrument is used, the lower end of the stem 
is set into an aperture in the prime conductor, and the inten- 
sity of the electric action is indicated by the number of de- 
grees the index is repelled from the perpendicular. 

The passage of the electric fluid through a perfect con- 
ductor is never attended with light, or the crackling noise 
which is heard when it is transmitted through the air, or 
along the surface of an electric. 

971. Several curious experiments illustrate this principle, 
for if fragments of tin foil, or other metal, be pasted on a 
piece of glass, so near each other that the electric fluid can 
pass between them, the whole line thus formed with the 
pieces of metal, will be illuminated by the passage of the 
electricity from one to the other. 

Fis 256. 




Franklin. 



In this manner figures or words may be formed, as in 
Fig. 256, which, by connecting one of its ends with the 
prime conductor, and the other with the ground, will, when 
the electric fluid is passed through the whole, in the dark, 
appear one continuous and vivid line of fire. 

972. Electrical light seems not to differ, in any respect, 
from the light of the Sun, or of a burning lamp. Dr. Wol- 
laston observed, that when this light was seen^t hrough a 

„.„,i ;„ ev_ OKfi intrptlur with the mode of using it When 
Describ ■ that represented.!! ^**£J™ £' attended with light or not 1 
the electr.c mud P^'^^g e ™thSS*ttw air. what phenomena does it ex- 
Sbttl '\irrib*tep. .'ri-.'^ . *." Wnded to illume this principle. 
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prism, the ordinary colors arising from the decomposition of 
light were obvious. 

973. When the electric fluid is discharged from a point, 
it is always accompanied by a current of air, whether the 
electricity be positive or negative. The reason of this ap- 
pears to be, that the instant a particle of air becomes electri- 
fied, it repels, and is repelled, by the point from which it re- 
ceived the electricity. 

974. Several curious little experiments Fig. 257. 
are made on this principle. Thus, let 
two cross wires, as in Fig. 257, be sus- 
pended on a pivot, each having his point 
bent in a contrary direction, and electri- 
fied by being placed on the prime con- 
ductor of a machine. These points, so 
long as the machine is in action, will 
give off streams of electricity, and as 
the particles of air repel the points by 
which they are electrified, the little machine will turn round 
rapidly, in the direction contrary to that of the stream of 
electricity. Perhaps, also, the reaction of the atmosphere 
against the current of air given off by the points, assists in 
giving it motion. 

975. Leyden Vials. When one part or side of an electric 
is positively, the other part or side is negatively electrified. 
Thus, if a plate of glass be positively electrified on one side, 
it will be negatively electrified on the other, and if the inside 
of a glass vessel be positive, the outside will be negative. 

Advantage of this circumstance is taken, in the construc- 
tion of electrical jars, called from the place where they were 
first made, Leyden vials. 

The most common form of this jar is represented by Fig. 
258. It consists of a glass vessel, coated on both sides up 
to a, with tin foil ; the upper part being left naked, so as to 
prevent a spontaneous discharge, or the passage of the elec- 
tric fluid from one coating to the other. A metallic rod, 
rising two or three inches above the jar, and terminating at 
the top with a brass ball, which is called the knob of the jar, 
is made to descend through the cover, till it touches the in- 

What is the appearance of electrical light through a prism ? Describe Fig. 257, 
and explain the principle on which its motion depends Suppose one part or side of 
an electric is positive, what will be the electrical state of the other side or part'! 
What part of the electrical apparatus u; constructed on this principle ? How is the 
Leyden vial constructed ' Why is not the whole surface of this vial covered with 
.JlH (in foil ? 
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tenor coating. It is along this rod that the charge of elec- 
tricity is conveyed to the inner coating, while the outer coat- 
ing is made to communicate with the ground. 



Fie 258 




Fig. 259. 




Leyden Jars. 



976. When a chain is passed from the prime conductor of 
an electrical machine to this rod, the electricity is accumu- 
lated on the tin foil coating, while the glass above the tin 
foil prevents its escape, and thus the jar becomes charged. 
By connecting together a sufficient number of these jars, any 
quantity of the electric fluid may be accumulated. For this 
purpose, all the interior coatings of the jars are made to com- 
municate with each other, by metallic rods passing between 
them, and finally terminating in a single rod. A similar 
union is also established, by connecting the external coats 
with each other. When thus arranged, the whole series 
may be charged, as if they formed but one jar, and the whole 
series may be discharged at the same instant. Such a com- 
bination of jars is termed an electrical battery. 

977. For the purpose of making a direct communication 
between the inner and outer coating of a single jar, or bat- 
tery, by which a discharge is effected, an instrument called 
a discharging rod is employed. It consists of two bent me- 
tallic rods, terminated at one end by brass balls, and at the 
other end connected by a joint, This joint is fixed to the 
end of a glass handle, and the rods being movable at the 
joint, the balls can be separated or brought near each other, 

,,,,; bnum ,,■ produced by the discharging rod. 
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as occasion requires. When opened to a proper distance, 
one ball is made to touch the tin foil on the outside of the 
jar, and then the other is brought into contact with the knob 
of the jar, as seen in Fig. 259. In this manner a discharge 
is effected, or an equilibrium produced between the positive 
and negative sides of the jar. 

When it is desired to pass the charge through any sub- 
stance for experiment, then an electrical circuit must be es- 
tablished, of which the substance to be experimented upon 
must form a part. That, is, the substance must be placed 
between the ends of two metallic conductors, one of which 
communicates with the positive, and the other with the neg- 
ative side of the jar, or battery. 

978. When a person takes the electrical shock in the 
usual manner, he merely takes hold of the chain connected 
with the outside coating, and the battery being charged, 
touches the knob with his linger, or with a metallic rod. 
On making this circuit, the fluid passes through the person 
from the positive to the negative side. 

Any number of persons may receive the electrical shock, 
by taking hold of each other's hands, the first person touch- 
ing the knob, while the last takes hold of a chain connected 
with the external coating. In this manner, hundreds, or, 
perhaps, thousands of persons, will feel the shock at the 
same instant, there being no perceptible interval in the time 
when the first and the last person in the circle feels the sen- 
sation excited by the passage of the electric fluid. 

979. Atmospheric Electricity. The atmosphere always con- 
tains more or less electricity, which is sometimes positive, and 
at others negative. It is, however, most commonly positive, 
and always so when the sky is clear or free from clouds or fogs. 
It is always stronger in winter than in summer, and during 
the day than during the night. It is also stronger at some 
hours of the day than at others ; being strongest about 9 
o'clock in the morning, and weakest about the middle of the 
afternoon. These different electrical states are ascertained 
by means of long metallic wires extending from one building 
to another, and connected with electrometers. 

When it is desired to pass the electrical fluid through any substance, where must 
it be placed in respect to the two sides of the battery ? Suppose the battery is 
charged, what must a person do to take the shock 1 What Circumstance 1. 
which shows the surprising velocity with which electricity is transmitted ? Is the 
electricity of the atmosphere positive or negative 1 At what times does the atmos- 
phere contain most electricity ? How are the different electrical states of the atmos- 
phere ascertained ? 
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980. It was proved by Dr. Franklin, that the electric fluid 
and lightning arc the. same substance, and this identity has 
been confirmed by subsequent writers on this subject. ' 

If the properties and phenomena of lightning be compared 
with those of electricity, it will be found that they differ only 
in respect to degree. Thus, lightning passes in irregular 
lines through the air; the discharge of an electrical battery 
has the same appearance. Lightning strikes the highest 
pointed objects — takes in its course the best conductors — sets 
fire to non-conductors, or rends them in pieces — and destroys 
animal life: all of which phenomena are caused by the 
electric fluid. 

981. Lightning Rods. — Buildings may be secured from 
the effects of lightning, by fixing to them a metallic rod, 
which is elevated above any part of the edifice and continued 
to the moist ground, or to the nearest water. Copper, for 
this purpose, is better than iron, not only because it is less 
liable to rust, but because it is a better conductor of the 
electric fluid. The upper part of the rod should end in sev- 
eral fine points, which must be covered with some metal not 
liable to rust, such as gold, platina, or silver. No protection 
is afforded by the conductor, unless it is continued without inter- 
ruption, from the top to the bottom of the building, and it cannot 
be relied on as a protector, unless it reaches the moist earth, or 
ends in water connected with the earth. Conductors of copper 
may be three-fourths of an inch in diameter, but those of 
iron should be at least an inch in diameter. In large build- 
ings, complete protection requires many lightning rods, or 
that they should be elevated to a height above the building 
in proportion to the smallness of their numbers, for modern 
experiments have proved that a rod only protects a circle 
around it, the radius of which is equal to twice its length above 
the building. 



CHAPTER XIII. 

MAGNETISM. 



Q82 The native Magnet, or Loadstone, is an ore of iron, 
which is found in various parts of the world. Its color » 
hon black; its specific gravity from 4 to 5, and it «i some- 

enaare mentioinu vmmlii u s 
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times found in crystals. This substance, without any prepa- 
ration, attracts iron and steel, and when suspended by a 
string, will turn one of its sides towards the north and 
another towards the south. 

983. It appears that an examination of the properties of 
this species of iron ore, led to the important discovery of the 
magnetic needle, and subsequently laid the foundation for 
the science of magnetism ; though at the present day mag- 
nets are made without this article. 

984. The whole science of magnetism is founded on the 
fact, that pieces of iron or steel, after being treated in a cer- 
tain manner, and then suspended, will constantly turn one 
of their ends towards the north, and consequently the other 
towards the south. The same property has been more re- 
cently proved to belong to the metals nickel and cobalt, 
though with much less intensity. 

985. The poles of a magnet are those parts which possess 
the greatest power, or in which the magnetic virtue seems to 
be concentrated. One of the poles points north, and the 
other south. The magnetic meridian is a vertical circle in 
the heavens, which intersects the horizon at the points to 
which the magnetic needle, when at rest, directs itself. 

986. The axis of a magnet, is a right line which passes 
from one of its poles to the other. 

The equator of a magnet, is a line perpendicular to its axis, 
and is at the centre between the two poles. 

987. The leading properties of the magnet are the follow- 
ing. It attracts iron and steel, and when suspended so as to 
move freely, it arranges itself so as to point north and south ; 
this is called the polarity of the magnet. When the south 
pole of one magnet is presented to the north pole of another, 
they will attract each other j this is called magnetic attrac- 
tion. But if the two north or two south poles be brought 
together, they will repel each other, and this is called mag- 
netic repulsion. When a magnet is left to move freely, it 
does not lie in a horizontal direction, but one pole inclines 
downwards, and consequently the other is elevated above 

How may buildings be protected from the effects of lightning ? Which is the best 
conductor, iron or copper ? What circumstances are necessary, that The rod may 
be relied on as a protector ? What is the native magnet or loadstone ! What are 
the properties of the loadstone? On what is the whole subject of magnetism 
founded? What other metals besides iron possess the magnetic property 1 What 
are the poles of a magnet ? What is the axis of u magnet ? What is the equator of 
a magnet ? What is meant by the polarity of a magnet ? When do two maenets 
attract, and when repel each oth^r ? What is understood by fherl'ppingof the mag- 
netic needle ? 
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the line of the horizon. This is called the dipping, or incli- 
nation of the magnetic needle. Any magnet is capable of 
communicating its own properties to iron or steel, and this, 
again, will impart its magnetic virtue to another piece of 
steel, and so on indefinitely. 

988. If a piece of iron or steel be brought near one of the 
poles of a magnet, they will attract each other, and if suffered 
to come into contact, will adhere so as to require force to sep- 
arate them. This attraction is mutual ; for the iron attracts 
the magnet with the same force that the magnet attracts the 
iron. This may be proved, by placing the iron and magnet 
on pieces of wood floating on water, when they will be seen 
to approach each other mutually. 

989. The force of magnetic attraction varies with the dis- 
tance in the same ratio as the force of gravity ; the attracting 
force being inversely as the square of the distance between 
the magnet and the iron. 

990. The magnetic force is not sensibly affected by the 
interposition of any substance except those containing iron, 
or steel. Thus, if two magnets, or a magnet and piece of 
iron, attract each other with a certain force, this force will 
be the same, if a plate of glass, wood, or paper, be placed 
between them. Neither will the force be altered, by placing 
the two attracting bodies under water, or in the exhausted 
receiver of an air-pump. This proves that the magnetic in- 
fluence passes equally well through air, glass, wood, paper, 
water, and a vacuum. 

991. Heat weakens the attractive power of the magnet, 
and a white heat entirely destroys it. Electricity will change 
the poles of the magnetic needle, and the explosion of a small 
quantity of gunpowder on one of the poles, will have the 

same effect. . , 

992 The attractive power of the magnet may be increased 
by permitting a piece of steel to adhere to it, and then sus- 
pending to the steel a little additional weight every day, for 
it will sustain, to a certain limit, a little more weight on one 
day than it would on the day before. 

993 Small natural magnets will sustain more than large 
ones in proportion to their weight. It is rare to find a natural 



How is 
magnet alt 
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. „iract S the iro ^ np R°S r ce|„ v w°th the "terposition of any substance be- 
distance 1 Does the niasnet.c fo.ce var, y w_ U» V ^ ^ ^ , what ls 
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magnet, weighing 20 or 30 grains, which will lift more than 
thirty or forty times its own weight. But a minute piece of 
natural magnet, worn by Sir Isaac Newton, in a ring, which 
weighed only three grains, is said to have been capable of 
lifting 746 grains, or nearly 250 times its own weight. 

994. Artificial Magnets.— The magnetic property may be 
communicated from the loadstone, or artificial magnet, in the 
following manner, it being understood that the north pole of 
one of the magnets employed, must always be drawn towards 
the south pole of the new magnet, and that the south pole 
of the other magnet employed, is to be drawn in the contrary 
direction. The north poles of magnetic bars are usually 
marked with a line across them, so as to distinguish this end 
from the other. 

995. Place two mag- p±~ qqq. 
netic bars a and b, Fig. 
260, so that the north 
end of one may be near- 
est the south end of the 
other, and at such a dis- 
tance that the ends of 
the steel bar to be touch- 
ed, may rest Upon them. Artificial Magnets. 

Having thus arranged 

them, as shown in the figure, take the two magnetic bars, d 
and e, and apply the south end of e, and the north end of d, to 
the middle of the bar c, elevating their ends as seen in the 
figure. Next separate the bars e and d, by drawing them in 
opposite directions along the surface of c, still preserving the 
elevation of their ends ; then removing the bars d and e, to 
the distance of a foot or more from the bar c, bring their north 
and south poles into contact, and then having again placed 
them on the middle c, draw them in contrary directions, as 
before. The same process must be repeated many times on 
each side of the bar c, when it will be found to have acquired 
a strong and permanent magnetism. 

996. If a bar of iron be placjd, for a long period of time, 
in a north and south direction, or in a perpendicular position, 
it will often acquire a strong magnetic power. Old tongs, 
pokers, and fire shovels, almost always possess more or less 
magnetic virtue, and the same is found to be the case with 




Explain Fig. 260, and describe the mode of making a magnet. In what position* 
do bus of iron become magnetic spontaneously 1 How may a needle be magnetize! 
■without removing it from Is pivot 1 
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the iron window bars of ancient houses, whenever they have 
happened to be placed in the direction of the magnetic line. 

997. A magnetic needle, such as is employed in the mari- 
ner's and surveyor's compass, may be made by fixing a piece 
of steel on a board, and then drawing two magnets from the 
centre towards each end, as directed at Fig. 260. Some mag- 
netic needles in time lose their virtue, and require again to be 
magnetized. This may be done by placing the needle, still 
suspended on its pivot, between the opposite poles of two 
magnetic bars. While it is receiving the magnetism, it will 
be agitated, moving backwards and forwards, as though it 
were animated, but when it has become perfectly magnetized, 
it will remain quiescent. 

998. Dip of the Magnet. — The dip, or inclination of the 
magnetic needle, is its deviation from its horizontal position, 
as already mentioned. A piece of steel, or a needle, which 
will rest on its centre, in a direction parallel to the horizon, 
before it is magnetized, will afterwards incline one of its 
ends towards the earth. This property of the magnetic 
needle was discovered by a compass maker, who, having 
finished his needles before they were magnetized, found that 
immediately afterwards, their north ends inclined towards 
the earth, so that he was obliged to add small weights to 
their south poles, in order to make them balance, as before. 

999. The dip of the magnetic needle is measured, by a 
graduated circle, placed in the vertical position, with the 
needle suspended by its side. Its inclination from a hori- 
zontal line, marked across the face of this circle, is the 
measure of its dip. The circle, as usual, is divided into 360 
degrees, and these into minutes and seconds. 

1000. The dip of the needle does not vary materially at 
the same place, but differs indifferent latitudes, increasing as 
it is carried towards the north, and diminishing as it is carried 
towards the south. At London, the dip for many years has 
varied little from 72 degrees. In the latitude of 80 degrees 
north, the dip, according to the observations of Capt. Parry, 
was 88 degrees. 

1001. Variation of the Magnet.— Although, m general 
terms, the magnetic needle is said to point north and south, 
yet this is very seldom strictly true, there being a variation 
in its direction, which differs in degree at different times and 

How was the dip of the magnetic needle first discovered 1 In what manner is the 
din measured^ What circumstance increases** dim.n sh. ■ the d p ol the needle ? 
\h" Is meant by the declination of the .-., •,, I c n •- <* I 
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places. This is called the variation, or declination, of the 
magnetic needle. 

1002. This variation is determined at sea, by observing 
the different points of the compass at which the sun rises, 
or sets, and comparing them with the true points of the 
sun's rising or setting, according to astronomical tables. 
By such observations it has been ascertained that the mag- 
netic needle is continually declining alternately to the east 
or west from due north, and that this variation differs in dif- 
ferent parts of the world at the same time and at the same 
place at different times. 

1003. In 1580, the needle at London pointed 11 degrees 
15 minutes east of north, and in 1657 it pointed due north 
and south, so that it moved during that time at the mean 
rate of about 9 minutes of a degree in each year, towards 
the north. Since 1657, according to observations made in 
England, it has declined gradually towards the west, so that 
in 1803, its variation west of north was 24 degrees. 

1004. At Hartford, Connecticut, in latitude about 41, it 
appears from a record of its variations, that since the year 
1824, the magnetic needle has been declining towards the 
west, at the mean rate of 3 minutes of a degree annually, 
and that on the 20th of July, 1829, the variation was 6 
degrees 3 minutes west of the true meridian. 

1005. The cause of this annual variation has not been 
demonstrated, though according to the experiment of Mr. 
Canton, it has been ascertained that there are slight varia- 
tions during the different months of the year, which seem to 
depend on the degrees of heat and cold. 

1006. The directive power of the magnet is of vast im- 
portance to the world, since by this power, mariners are 
enabled to conduct their vessels through the widest oceans, 
in any given direction, and by it travellers can find their way 
across deserts which would otherwise be impassable. 



CHAPTER XIV. 
ELECTRO-MAGNETISM. 



1007. When two metals, one of which is more easily ox- 
idated than the other, are placed in acidulated water, and 
the two metals are made to touch each other, or a metallic 
communication is made between them, there is excited an 
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electrical or galvanic current, which passes from the metal 
most easily oxidated, through the water, to the other metal, 
and from the other metal through the water around to the 
first metal again, and so in a perpetual circuit. 

1008. If we take, for example, a slip of zinc, and another 
of copper, and place them in a cup of diluted sulphuric acid, 
Fig 261, their upper ends in contact, and above the water, 
and their lower ends separated, then there will be consti- 
tuted a galvanic circle, of the simplest form, consisting of 
three elements, zinc, acid, copper. The galvanic influence 
being excited by the acid, will pass from the zinc, Z, the 
metal most easily oxidated, through the acid, to the copper 
C, and from the copper to the zinc again, and so on contin- 
ually, until one or the other of the elements is destroyed, or 
ceases to act. 



Fig. 261. 




Fig. 262. 



Galvanic Current. 




Galvanic Battery. 



1009. The same effect will be produced, if instead of al- 
lowing the metallic plates to come in contact, a communi- 
cation between them be made by means of wires, as shown 
by Fig. 262. In this case, as well as in the former, the 
electricity proceeds from the zinc, Z, which is the positive 
side, to the copper, C, being conducted by the wires in the 
direction shown by the arrows. 

1010. The completion of the circuit by means of wires, 
enables us to make experiments on different substances by 



TTnw is this variation determined ? What has been ascertained concerning the 
How is to's^arui , iffere „ t times and p'aces? What conditions are nee 

Is a s r ary°to excite the T galvanic action 7 From wWh metal does the galvanism pro- 

ceed? Describe the circuit. 
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passing the galvanic influence through them, this being the 
method employed to exhibit the effects of galvanic batteries, 
and by which the most intense heat may be produced. 

1011. When the two poles of a battery are connected by 
means of a copper wire of a yard or two in length, the 
two parts being supported on a table in a north and south 
direction, for some of the experiments, but in others the di- 
rection must be changed as will be seen. This wire, it will 
be remembered, is called the uniting wire. 

1012. Being thus prepared, and the galvanic battery in 
action, take a magnetic needle six or eight inches long, 
properly balanced on its pivot, and having detached the wire 
from one of the poles, place the magnetic needle under the 
wire, but parallel with it, and having waited a moment for 
the vibrations to cease, attach the uniting wire to the pole. 
The instant this is done, and the galvanic circle completed, 
the needle will deviate from its north and south position, 
turning towards the east or west, according to the direction 
in which the galvanic current flows. If the current flows 
from the north, or the end of the wire along which it passes 
to the south is connected with the positive side of the bat- 
tery, then the north pole of the needle will turn towards the 
east; but if the direction of the current is changed, the same 
pole will turn in the opposite direction. 

1013. If the uniting wire is placed under the needle, in- 
stead of over it, as in the above experiment, the contrary ef- 
fect will be produced, and the north pole will deviate to- 
wards the west. 



Fig. 263. 



Fig. 264 



s 




Uniting Wire above the Needle. 




Uniting Wire below the Needle. 



1014. These deviations will be understood by the preced- 
mg figures. In Fig, 263 , N presents the north, and S the 

Explain Fig. 262. 
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south pole of the magnetic needle, and p the positive, 
and n the negative ends of the uniting wire. The galvanic 
current, therefore, flows from p towards w, or the wire being 
parallel with the needle, from the north towards the south, 
as shown by the direction of the arrow in the figure. 

Now the uniting wire being above the needle, the pole N, 
which is towards the positive side of the battery, will deviate 
towards the east, and the needle will assume the direction 
N'S'. 

On the contrary, when the uniting wire is carried below 
the needle, the galvanic current being in the same direction 
as before, as shown by Fig. 264, then the same, or north 
pole, will deviate towards the west, or in the contrary direc- 
tion from the former, and the needle will assume the position 
NS. 

1015. When the uniting wire is situated in the same hor- 
izontal plane with the needle, and is parallel to it, no move- 
ment takes place towards the east or west ; but the needle 
dips, or the end towards the positive end of the wire is de- 



Fig. 265. 



Fig. 266. 




N' 

Wire on the East Side 
TV 




Wire at Right Angles. 



Fie. 267. 



V 




Uniting Wire Vertical. 



Explain Figs. 265, 266, and 267. 
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pressed, when the wire is on the east side, and elevated 
when it is on the west side. 

Thus, if the uniting wire p n, Fig. 265, is placed on the 
east side of the needle N S, and parallel to, and on a level 
with it, then the north pole, N, being towards the positive 
end of the wire, will be elevated, and the needle will assume 
the position of the dotted needle N' S'. But if the wire be 
changed to the western side, other circumstances being the 
same, then the north pole will be depressed, and the needle 
will take the direction of the dotted line N" S". 

1016. If the uniting wire, instead of being parallel to the 
needle, be placed at right-angles with it, that is, in the di- 
rection of east and west, and the needle brought near, 
whether above or below the wire, then the pole is depressed 
when the positive current is from the west, and elevated 
when it is from the east. 

1017. Thus, the pole S, Fig. 266, is elevated, the current 
of positive electricity being from p to n, that is, across the 
needle from the east towards the west. If the direction of 
the positive current, is changed, and made to flow from n to 
p : the other circumstances being the same, the south pole 
of the needle will be depressed. 

1018. When the uniting wire, instead of being placed in 
a horizontal position as in the last experiment, is placed ver- 
tically, either to the north or south of the needle, and near 
its pole, as shown by Fig. 267, then if the lower extremity 
of the wire receives the positive current, as from p to rc, the 
needle will turn its pole towards the west. 

If now the wire be made to cross the needle at a point 
about half way between the pole and the middle, the same 
pole will deviate towards the east. If the positive current 
be made to flow from the upper end of the wire, all these 
phenomena will be reversed. 

1019. Laws of Electro-Magnetic Action. An examination 
of the facts which may be drawn from an attentive consid- 
eration of the above experiments are sufficient to show that 
the magnetic force which emanates from the conducting 
wire, is different in its operation from any other force in na- 
ture, with which philosophers had been acquainted. 

1020. This force does not act in a direction parallel to 
that of the current which passes along the wire, " but its 

Does the magnetic force of galvanism differ from any force before known, or not ? 
In what direction does this force act, as it passes along the wire •» 
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action produces motion in a circular direction around the 
wire, that is, in a direction at right-angles to the radius, or 
in the direction of the tangent to a circle described round 
the wire in a plane perpendicular to it." 

1021. In consequence of this circular current, which seems 
to emanate from the regular polar currents of the battery, 
the magnetic needle is made to assume the positions indicated 
by the figures above described, and the effects of which is, 
to change the direction of the needle from the magnetic 
meridian, moving it through the section of a circle in a di- 
rection depending on the relative position of the wire and 
the course of the electric fluid. And we shall see hereafter 
that there is a variety of methods by which this force can 
be applied to produce a continued circular motion. 

1022. Circular Motion of the Electro- Magnetic Fluid. We 
have already stated that the action of this fluid produces 
motion in a circular direction. Thus, if we suppose the 
conducting wire to be placed in a vertical situation, as 
shown by Fig. 268, and p n, the current of positive electricity 
to be descending through it, from p to n, and if through the 
point c in the wire the 
plane N N be taken, 
perpendicular to p ra, 
that is in the present 
case a horizontal plane, 
then if any number of 
circles be described in 
that plane, having c 
for their common cen- 
tre, the action of the 
current on the wire up- 
on the north pole of 
the magnet, will be to 
move it in a direction 
corresponding to the 
motion of the hands of 
a watch, having the 

dial towards the posi- f 

tive pole of the battery. The arrows show the direction of 

he current's motion in the figure. If we employ a metal 

hrou/h the substance of which the magnetic needle can 

move, we shall have an oppo rtu nity of knowing whether 

How may the direction of the vibrating wire be changed. 




Circular Motion of the Fluid. 
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the fluid has the circular action in question, for then the 
needle will have liberty to move in the direction of the elec- 
trical current. 

1023. For this purpose mercury is well adapted, being a 
good conductor of electricity, and at the same time so fluid 
as to allow a solid to circulate in it, or on its surface, with 
considerable facility. This 

therefore, is the substance Fig. 269. 

employed in these experi- 
ments. 

1024. Vibration of a wire. 
A conducting copper wire, to, 
Fig. 269, is suspended by a 
loop from a hook of the 
same metal, which passes 
through the arm of metal or 
wood, as seen in the cut. 
The upper end of the hook 
terminates in the cup P, to 
contain mercury. The lower 
end of the copper wire just 
touches the mercury, Q,, con- 
tained in a little trough 
about an inch long, formed 
in the wood on which the 
horseshoe magnet, M, is 
laid, the mercury being equal- 
ly distant from the two poles. 

The cup, N, has a stem of wire which passes through 
the wood of the platform into the mercury, this end of the 
wire being tinned, or amalgamated, so as to form a perfect 
contact. 

1025. Having thus prepared the apparatus, put a little 
mercury into the cups P and N, and then form the galvanic 
circuit by placing the poles of the battery in the two cups, 
and if every thing is as it should be, the wire will begin to 
vibrate, being thrown with considerable force either towards 
M or Q., according to the position of the magnetic poles, or 
the direction of the current, as already explained. In either 
case it is thrown out of the mercury, and the galvanic cir- 
cuit being thus broken, the effect ceases until the wire falls 
back again by its own weight, and touches the mercury, 

„tw pla l? Fig - 269 ' u ncl d . escribe " le t-ou ^e of the electric fluid from one cup to the 
other. How must the points of the vibrating win be adjusted in order to act ? 




Vibration of a Wire. 
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when the current being again perfected, the same influence 
is repeated, and the wire is again thrown away from the 
mercury, and thus the vibratory motion becomes constant. 

This forms an easy and beautiful electro-magnetic experi- 
ment, and may be made by any one of common ingenuity, 
who possesses a galvanic battery, even of small power, and 
a good horseshoe magnet. 

1026. The platform may be nothing more than a piece of 
pine board, eight inches long and six wide, with two sticks 
of the same wood, forming a standard and arm for suspend- 
ing the vibrating wire. The cups may be made of percus- 
sion caps, exploded, and soldered to the ends of pieces of 
copper bell wire. 

1027. The wire must be nicely adjusted with respect to 
the mercury, for if it strikes too deep, or is too far from the 
surface, no vibrations will take place. It ought to come so 
near the mercury as to produce a spark of electrical fire, as 
it passes the surface, at every vibration, in which case it may 
be known that the whole apparatus is well arranged. The 
vibrating wire must be pointed and amalgamated, and may 
be of any length, from a few inches to a foot or two. 

1028. Rotation of a Wheel. 



The same force which throws 
the wire away from the mer- 
cury, will cause the rotation 
of a spur-wheel. For this 
purpose the conducting wire, 
instead of being suspended, 
as in the former experiment, 
must be fixed firmly to the 
arm, as shown by Fig. 270. 
A support for the axis of the 
wheel may be made by sol- 
dering a short piece to the 
side of the conducting^ wire, 
so as to make the form of a 
fork, the lower end of which 
must be flattened with a ham- 
mer, and pierced with fine 
orifices, to receive the ends 
of the axis. 

1029. The apparatus for a 



Fig. 270. 




Rotation of a Wheel. 



Explain Fig. 270. 
32 
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revolving wheel is in every respect like that already de- 
scribed for the vibrating wire, except in that above noticed, 
the wheel may be made of brass or copper, but must be 
thin and light, and so suspended as to move freely and 
easily. The points of the notches must be amalgamated, 
which is done in a few minutes, by placing the wheel on a 
flat surface, and rubbing them with mercury by means of a 
cork. A little diluted acid from the galvanic battery will fa- 
cilitate the process. The wheel may be from half an inch to 
several inches in diameter. A cent hammered thin, which 
may be done by heating it two or three times during the pro- 
cess, and then made perfectly round, and its diameter cut into 
notches with a file, will answer every purpose. 

1030. This affords a striking and novel experiment; for 
when every thing is properly adjusted, the wheel instantly 
begins to revolve by touching with one of the wires of the 
battery the mercury in the cup P or N. 

When the poles of the magnet, or those of the battery, are 
changed, the wheel instantly revolves in a contrary direc- 
tion from what it did before. 

1031. It is, however not absolutely necessary to divide 
the wheel into notches, or rays, in order to make it revolve, 
though the motion is more rapid, and the experiment suc- 
ceeds much better by doing so. 

1032. Electro-Magnetic Induction. Experiment proves 
that the passage of the galvanic current through a copper 
wire renders iron magnetic when in the vicinity of the cur- 
rent. This is called magnetic induction. 

1033. The appara- 
tus for this purpose is Fig. 271. 
represented by Fig. 
271, and consists of a 
copper wire coiled, by 
winding it around a 
piece of wood. The 
turns of the wire should 

be close together for ac- 'a^^' 

tual experiment, they 
being parted in the figure to show the place of the iron to be 
magnetized. The best method is, to place the coiled wire, 
which is called an electrical helix, in a glass tube the two 




In what manner may the points of the spur wheel be amalgamated "> If thn mn 
tion of the fluid is changed, what effect does it have on the wheel ? What is me™t 
by magnetic induction 1 Explain Fig. 271. What is this figure called 1 
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ends of the wire, of course, projecting. Then placing the 
body to be magnetized within the folds, send the galvanic 
influence through the whole by placing the poles of the bat- 
tery in the cups. 

1034. Steel thus becomes permanently magnetic, the 
poles, however, changing as often as the fluid is sent through 
it in a contrary direction. A piece of watch-spring placed 
in the helix, and then suspended, will exhibit polarity, but if 
its position be reversed in the helix, and the current again 
sent through it, the north pole will become south. If one 
blade of a knife be put into one end of the helix, it will re- 
pel the north pole of a magnetic needle, and attract the 
south ; and if the other blade be placed in the opposite end 
of the helix, it will attract the north pole, and repel the south, 
of the needle. 

1035. Temporary Magnets. — Temporary magnets, of al- 
most any power, may be made by winding a thick piece of 
soft iron with many coils of insulated copper wire. 

The best form of a magnet for this purpose is that of a 
horseshoe, and which may be made in a few minutes by 
heating and bending a piece of cylinder iron, an inch or two 
in diameter, into this form. 

1036. The copper wire (bell wire) may be insulated by 
winding it with cotton thread. If this cannot be procured, 
common bonnet wire will do, though it makes less powerful 
magnets than copper. 



1037. The coils of 
wire may begin near 
one pole of the mag- 
net and terminate near 
the other, as repre- 
sented by Fig. 272, 
or the wire may con- 
sist of shorter pieces 
wound over each oth- 
er, on any part of the 
magnet. In either 
case, the ends of the 
wire, where several 
pieces are used, must 
be soldered to two 
strips of tinned sheet 
copper, for the com- 
bined positive and neg- 



Fig. 272. 




Temporary Magnet. 
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ative poles of the wires. To form the magnet, these pieces of 
copper are made to communicate with the poles of the bat- 
tery, by means of cups containing mercury, as shown in the 
figure, or by any other method. 

1038. The effect is surprising, for on completing the cir- 
cuit with a piece of iron an inch in diameter, in the proper 
form, and properly wound, a man will find it difficult to pull 
off the armature from the poles ; but on displacing one of the 
galvanic poles, the attraction ceases instantly, and the man, 
if not careful, will fall backwards, taking the armature with 
him. Magnets have been constructed in this manner, which 
would suspend ten thousand pounds. 

1039. Galvanic Battery. — One of the most convenient 
forms of a galvanic battery for experiments described in this 
work is represented by Fig. 



273. It consists of a cyl- 
inder of sheet copper, within 
which is another of zinc. The 
zinc has for its bottom a piece 
of sheep skin, or bladder, tied 
on with a string, and is sus- 
pended an inch or two from 
the bottom of the copper cyl- 
inder. Or, the whole inner 
cylinder may be made of 
leather with a slip of zinc 
within it. This is done to 
prevent the fluid which the 
inner cylinder contains from 
mixing with that contained 
between the two ; and still, 
the leather being porous, the 
water it contains conducts the 
galvanic influence from one 
cell to the other, as already 



Fig. 273. 




Galvanic Battery. 



stated. The diameter of the outer cup may be five or six 
inches, and the inner one three or four. The zinc may be 
suspended by making two holes near the top and tying on a 
piece of glass tube or a slip of wood. This part has often to 



Does any substance become permanently magnetic by the electrical helix 7 
How may the poles of a magnet be changed by the belix 1 How may temporary 
magnets be made 1 For what purpose are the ends of the wires to be soldered to 
pieces of copper ? Describe the battery Fig 273. Which is the positive, and which 



the negative metal ? 
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be removed and cleaned, by scraping off the black oxide, 
which, if it remains, will prevent the action of the battery. 
The action will be sustained much longer if the zinc is amal- 
gamated by spreading on it a little mercury before it is used, 
and while the surface is bright. 

The cups, P N, are the positive and negative poles. They 
may be made of percussion caps, soldered to the ends of two 
copper wires ; the other ends being connected by soldering, 
or otherwise, one with the zinc, and the other with the cop- 
per cylinder. 

The inner cup is to be filled with water mixed with about 
a twentieth part of sulphuric acid, while the cell between the 
two contains a saturated solution of sulphate of copper, or 
blue vitriol. In order to keep the solution saturated, espe- 
cially when casts are to be taken, some of the solid vitriol is 
to be tied in a rag and suspended in it. 

This battery, it will be seen, differs materially from that 
already described. In that the galvanic fluid is only availa- 
ble for the purpose there described, while from this the influ- 
ence may be applied to any purpose required. 

ELECTROTYPE. 

The art of covering the base metals, as copper, and the 
alloys of zinc, tin, &c, with gold and silver, as also of copy- 
ing medals, by means of the electrical current, is called elec- 
trotype or voltatype. 

This new art is founded on the simple fact, that when the 
galvanic influence is passed through a metallic solution, 
under certain conditions, decomposition takes place, and the 
metal is deposited in its pure form on the negative pole of the 
battery. 

The theory by which this effect is explained is, that the 
hydrogen evolved by the action of the acid on the positive 
pole of the battery combines with the oxygen of the dissolved 
metal forming water, while the metal itself thus set free, is 
deposited at the negative side of the battery. 

Many of the base metals, as copper, the alloys of zinc, 
and tin may by such means be covered with gold, or silver, 
and thus a cheap and easy method of gilding and plating is 
effected. 



wh, t u Mfc-trotvoe ? On what fact is it said this art is founded 1 On which pole 
iB me mefal deposed 7 What is the theory by which this effect .B explamed 1 . 
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This art, now only a few years old, has excited great 
interest, not only among men of science, but among me- 
chanics, so that in England many hundreds, and perhaps 
thousands of hands are already employed in silvering, gild- 
ing, and coppering, taking impressions of medals and of 
copper plates, for printing, and of performing such other 
work as the art is capable of. Volumes have been written 
to explain the different processes to which this art is appli- 
cable, and considering its recent discovery and the variety of 
uses to which it is already applied, no doubt can exist that 
it will finally become of great importance to the world. 

In this short treatise we can only introduce the pupil to 
the subject, by describing a few of the most simple processes 
of the art in question, and this we hope to do in so plain a 
manner, that any one of common ingenuity can gild, silver, 
or copper, and take impressions of medals at his leisure. 

Copying of Medals. — This new art has been applied very 
extensively in the copying of ancient coins and medals, 
which it does in the utmost perfection, giving every letter, 
and feature, and even an accidental scratch, exactly like the 
original. When the coin is a cameo the figures or letters 
being raised, it is obvious that if the metal be cast directly 
upon it, the medal will be reversed, that is, the figures will 
be indented, and the copy will be an intaglio instead of a 
cameo. To remedy this, a cast, or impression must first be 
taken of the medal, on which the electrotype process is to 
act, when the copy will in all respects imitate the original. 

There is a variety of ways of making such casts, accord- 
ing to the substance used for the purpose. We shall only 
mention plaster of Paris, wax, and fusible metal. 

Plaster Casts. — When plaster is used, it must be, what 
is termed boiled, that is, heated, so as to deprive it of all 
moisture. This is the preparation of which stereotype casts 
are made. The dry powder being mixed with water to the 
consistence of cream, is placed on the medal with a knife to 
the thickness of a quarter or half an inch, according to its 
size. In a few minutes the plaster sets, as it is termed, or 
becomes hard. To insure its easy detachment, the medal is 
rubbed over with a little oil. 

The cast thus formed is first to be coated with boiled 
linseed oil, and then its face covered with fine pulverized 
black lead, taking care that the indented parts are not filled 
nor the raised parts left naked. The lead answers the pur- 
pose of a metallic surface, on which the copper is deposited 
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by the galvanic current. This is a curious, and very con- 
venient discovery, since wood cuts, engraved stones, and 
copies in sealing wax, can thus be copied. 

To insure contact between the black lead on the face of 
the cast and the wire conductor, the cast is to be pierced 
with an awl, on one of its edges, and the sharp point of the 
wire passed to the face, taking care, after this is done, to rub 
on more lead, so that it shall touch the point of the wire, and 
thus communicate with the whole face of the medal. 

Wax Casts. — To copy medallions of plaster of Paris, 
place the cast in warm water, so that the whole may be 
saturated with the water, but keeping the face above it. 
When the cast has become warm and moist, remove, and 
having put a slip of paper around its rim, immediately pour 
into the cup thus formed, bees wax, ready melted for this pur- 
pose. In this way copies may be taken, not only from plas- 
ter casts, but from those of other substances. 

To render the surface of the wax a conductor of electricity, 
it is to be covered with black lead in the manner directed for 
plaster casts. This is put on with a soft brush, until it be- 
comes black and shining. 

The electrical conductor is now to be heated and pressed 
upon the edge of the wax, taking care that a little of its 
surface is left naked, on, and around which the black lead 
is again to be rubbed, to insure contact with the whole sur- 
face. 

Both of the above preparations require considerable inge- 
nuity and attention in order to make them succeed in receiv- 
ing the copper. If the black lead does not communicate 
with the pole, and does not entirely cover the surface, or if 
it happens to be a poor quality, which is common, the pro- 
cess will not succeed ; but patience, and repeated trials, with 
attention to the above descriptions, will insure final success. 

Fusible Metal Casts. — This alloy is composed of 8 parts 
of bismuth, 5 of lead, and 3 of tin, melted together. It 
melts at about the heat of boiling water, and hence may be 
used in taking casts from engraved stones, coins, or such 
other substances as a small degree of heat will not injure. 

To take a cast with this alloy, surround the edge of the 
medal to be copied, with a slip of paper, by means of paste, 
so as to form a shallow cup, the medal being the bottom 
Then having melted the alloy in a spoon, over an alcohol 
limn nour it in, giving it a sudden blow on the table, or a 
shake Corder to detSch any air, winch may adhere to the 
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medal. In a minute or two it will be cool, and ready for the 
process. 

Another method is, to attach the medal to a stick, with 
sealing-wax, and having poured a proper quantity of the 
fused alloy on a smooth board, and drawn the edge of a card 
over it, to take off the dross, place the medal on it, and with 
a steady hand let it remain until the cast cools. 

Next, having the end of the copper wire for the zinc pole 
clean, heat it over a lamp, and touch the edge of the cast 
therewith, so that they shall adhere, and the cast will now 
be ready for the galvanic current. 

To those who have had no experience in the electrotype 
art, this is much the best, and most easy method of taking 
copies, as it is not liable to failure like those requiring the 
surfaces of the moulds to be black leaded, as above described. 

Galvanic Arrangement. — Having prepared the moulds, as 
above directed, these are next to be placed in a solution of 
the sulphate of copper, (blue vitriol) and subjected to the 
electrical current. For this purpose only a very simple bat- 
tery is required, especially where the object is merely a mat- 
ter of curiosity. 

For small experiments, a glass jar holding a pint, or a 
pitcher, or even a tumbler will answer, to hold the solution. 
Provide also a cylinder of glass two inches in diameter and 
stop the bottom with some moist plaster of Paris, or instead 
thereof, tie around it a piece of bladder, or thin leather, or 
the whole cylinder may be made of leather, with the edges 
sewed nicely together, and stopped with a cork, so that it 
will not leak. The object of this part of the arrangement is, 
to keep the dilute sulphuric acid which this contains, from 
mixing with the solution of sulphate of copper, which sur- 
rounds it, still having the texture of this vessel so spongy as 
to allow the galvanic current to pass through the moisture 
which it absorbs, water being a good conductor of electricity. 

Provide also a piece of zinc in form of a bar, or cylinder, 
or slip, of such size as to pass freely into the above described 
cylinder. 

Having now the materials, the arrangement will readily 
be understood by Fig. 274, where c is the vessel containing 
the solution of sulphate of copper ; a, the cylinder of leather, 
or glass ; z the zinc, to which a piece of copper wire is 
fastened, and at the other end of which, is the cast m, to be 
copied. The proportions for the vessel, a, are about 1 part 
sulphuric acid to 16 of water by measure. The solu- 
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tion of copper for c may be in the proportions 
of 2 ounces of the salt to 4 ounces of water. 
The voltaic current passes from the positive 
zinc to the negative amalgam cast, where the 
pure copper is deposited. 

In order to keep the solution saturated, a 
little sulphate of copper is tied in a rag, and 
suspended in the solution. In 24 or 36 hours, 
the copper, (if all is right,) will be sufficiently 
thick on the cast, the back and edges of 
which should be covered with varnish to 
prevent its deposition except on the face. 

If the copper covers the edges, a file or knife will remove 
it, when by inserting the edge of the knife between the two 
metals, the copy will be separated, and will be found an 
exact copy of the original. 

If the acid in the inner cylinder is too strong, the process 
is often too vigorous, and the deposition, instead of being a 
film of solid copper on the cast, will be in the form of small 
grains on the lower end of the wire. The weakest power 
consistent with precipitation should therefore be applied. 




ELECTRO-GILDING. 



Gilding without a Battery. — After the solution is prepared, 
the process of electrotype gilding is quite simple, and may 
be performed by any one of common ingenuity. 

The solution for this purpose is cyanide of gold dissolved 
in pure water. This is prepared by dissolving the metal in 
aqua-regia, composed of one part nitric, and two of muriatic 
acid Ten, or fifteen grains of gold, to an ounce and a half 
of the aqua-regia, may be the proportions. The acid being 
evaporated, the salt which is called the chloride of gold is 
dissolved in a solution, made by mixing an ounce, of the 
cyanuret of potash with a pint of pure water. The cyanu- 
rct of potash is decomposed and a cyanide of gold remains 
in solution. About 20 grains of the chloride of gold is a 
proper quantity for a pint of the solution. The cyanuret of 
potash, and the chloride, or oxide of gold, may be bought at 
the apothecaries. " 

Having prepared the solution, the most simple method ot 
gilding is* to pour a quantity of it into a glass jar, or a tum- 
bler and place in it the silver, copper, or German silver to be 
o-ilded in contact with a piece of bright zinc, and the pro- 
ce • will immediately begin. No other battery, except that 
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formed by the zinc, and metal which receives the gold, is 
required. The zinc at the point of contact must he bright 
and well fastened to the other metal by a string or otherwise. 
The process will be hastened by warmth, which may be ap- 
plied by placing the jar and its contents in a vessel of warm 
water. So far as the author knows, this simple process 
originated with himself, and answers admirably as an experi- 
ment in the electrotype art. The gold, however, is apt to 
settle upon the zinc, but which may be prevented by a little 
shell-lac varnish rubbed on it, except at the point of contact. 
The handles of scissors, silver spectacles, pencils, &c, may 
be handsomely gilt by this process. 

Gilding with, a Battery. — If the operator desires to extend 
his experiments in the art of electro-gilding, a small battery 
must be employed, of which there are many varieties. The 
best for more extensive operations, is that composed of plati- 
nized silver, and amalgamated zinc. 

For this purpose the platina is first dissolved in aqua-regia, 
in proportion of 10 grains to the ounce, and then precipitated 
on the silver. The silver is in sheets, such as is used for 
plating, no thicker than thin writing paper. This may be 
obtained of the silver platers, and being well cleaned, is ready 
for the process. 

These plates being covered with platina, are insoluble in 
the acid employed, and hence they will last many years. 
The amalgamated plates are also durable, and do not require 
cleaning. 

These platinized sheets are confined between two plates 
of amalgamated zinc. The process of amalgamation con- 
sists in rubbing mercury, with a little mass of cotton wool 
held in the fingers, on the clean zinc. These plates maybe 
fixed half an inch apart by means of little pieces of wood, 
with the sheets between them, but not touching each other 
The plates, having a metallic connection, form the positive 
side of the battery, while a copper wire soldered to the silver 
sheet makes the negative side. The dimensions of these 
plates may be four or five inches long, and three or four wide. 

For experimental purposes, however, a less expensive bat- 
tery may be used, that represented by Fig. 273, made of cop- 
per and zinc, being sufficient. 

To gild by means of a battery, place the solution, made 
as above described, in a glass vessel, and connect the article 
to be gilded with the pole coming from the zinc side of the 
battery, letting the other wire, which should be tipped with a 
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little p'ece of gold, dip into the solution. The gildino- pro- 
cess will immediately begin, and in three or four hours a good 
coat of gold will be deposited on the article immersed. 

To keep the solution quite pure, the tips of the poles 
where they dip into the fluid should be of gold. If they are 
of copper, a portion of the metal will be dissolved and injure 
the result. 



ELECTRO-PLATING. 

The process of silvering copper, or the alloys of the metals, 
such as German silver, is done on the same principle as that 
described for gilding, but there seems to be more difficulty in 
making the process succeed to the satisfaction of the artist 
than there is in depositing gold. 

The following is the method employed by Mr. Sumner 
Smith, of this city, the most experienced electrotype artist 
within our acquaintance. It will succeed perfectly in the 
hands of those who will follow the directions. 

Make a solution of cyanuret of potash in pure water, in 
the proportion of an ounce to a pint. Having placed it in 
a glass vessel, prepare the battery for action as usual. Then 
attach to the pole of the silver, or copper side of the battery, 
a thin plate of silver, and immerse this in the cyanuret solu- 
tion. The pole from the zinc side being now dipped into the 
fluid, the electro-chemical action on the silver plate instantly 
begins, and a rapid decomposition of the metal is effected, 
and in a short time the solution will be saturated with the 
silver, as will be indicated by the deposition of the metal on 
the end of the copper pole coming from the zinc side of the 
battery. The solution is now ready for use, but the remains 
of the silver, still undissolved, must not be removed before 
immersing the articles to be plated, since the solution is thus 
kept saturated. 

This solution is much better than that prepared by dis- 
solving the silver separately in an acid, and then re-dissolving 
in the cyanuret of potash as is usually done, for in the latter 
case the silver is apt to be deposited on German silver, brass, 
iron, and other metals, without the galvanic action, in which 
case it does not adhere well, whereas the solution made as 
above directed is not liable to this imperfection. 

During the preparation of the fluid, only a very small 
copper wire should be employ ed on the zinc side of the 
battery. 
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The articles to be plated must be well cleaned before im- 
mersion. To effect this, dip them into dilute sulphuric acid 
for a few minutes, then rub them with sand or whiting, and 
rinse in pure water. 

Now having exchanged the small copper pole of the zinc 
side of the battery, for a larger one of the same metal, tipped 
with silver, connect the article to be plated with this, the 
other pole with the silver plate attached being still immersed 
in the solution. 

The process must now be watched, and the silver attached 
to the copper side raised nearly out of the fluid, in case bub- 
bles of hydrogen are observed to rise from the pole on the 
other side, or the articles attached to it. The greater the sur- 
face of silver in the fluid, the more energetic will be the ac- 
tion, short of the evolution of hydrogen from the other pole, 
but when this is observed, the decomposing silver must be 
raised so far out of the fluid as to stop its evolution. 

By this method a thick and durable coat of silver may be 
placed on old copper tea-pots, candlesticks, or other vessels 
of this sort, where the silvering has been worn off by long 
use. 

PHOTOGRAPHY. 

The word photography, means written, or delineated by 
light, and is descriptive of the manner in which the pictures, 
or designs we are about to describe, are taken. The princi- 
ple on which this art is founded is quite simple, and will be 
readily understood by those who have made chemical experi- 
ments, and especially with nitrate of silver, of which the 
common marking ink is made. This is merely a solution of 
some salt of silver, the nature of which is, to grow dark on 
exposure to light, but remains colorless when kept in a per- 
fectly dark place. 

Now if a sheet of white paper be imbued with a solution 
of this salt, and then with the hand placed upon it, exposed 
to the light, there will be a figure of the hand left on the 
paper, in white, the ground being black. The reason of this, 
from what we have already said, is obvious ; that portion of 
the paper which is protected by the hand remains white, 
while that which is exposed to the light turns black. 

The photographic art consists in first covering common 
writing paper with the salt of silver, then taking the picture 
by means of the camera obscura, and afterwards applying 
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some solution which prevents the ground from changing its 
color by exposure to the light. 

The chief difficulty lies in perfecting the latter part of the 
process, and for this purpose, as well as with respect to the 
particular salt of silver to be used, and the way of applying 
it, a great variety of methods have been devised. 

Nitrated Paper. — The most simple kind of photographic 
paper is made by dissolving one ounce of the crystalized 
nitrate of silver in four ounces of pure water, and applying it 
to the paper by means of a soft brush. 

For this purpose the paper must be fastened to a piece of 
board with pins at each corner. In putting on the solution 
care must be taken not to touch the same part twice with 
the brush, for if it is not spread equally, the sheet will grow 
darker in some parts than in others. 

The paper being dried by the fire of a darkened room, is 
then ready to receive the impression in the camera obscura. 
It is then soaked for a few minutes in warm water, by which 
the nitrate around the picture is washed away, and the paper 
will remain white. This is to be very carefully done, with 
the paper pinned to the board, otherwise it will be torn and 
spoiled. 

The nitrated paper, after being dried, and before the picture 
is taken, will become much more sensitive to the light if it is 
soaked in a solution of isinglass, or rubbed over with the 
white of an egg, It is better, however, to do this before the 
nitrate of silver is put on. 

The paper prepared in this manner is not sufficiently sen- 
sitive to be changed by diffused light, and consequently re- 
quires the rays of the sun in order to produce the photogra- 
phic effect. , 

Muno-nitrated Paper.— Another method of preparing the 
paper is first to moisten it with a solution of muriate of soda, 
(common salt) and then apply the nitrate of silver. 

For this experiment, dissolve fifty grains of the salt in an 
ounce of water, and soak the paper in the solution. For this 
purpose it must be pinned to a board as formerly directed. 
After beino- pressed with a linen cloth or with blotting paper, 
and thus dried, it is then twice washed with a solution made 
bv dissolving one hundred and twenty grains of crystalized 
nftrate of silver m an ounce of ram water. It must be dried 
bv the fire of a darkened room between each washing. 
This paper is very sensitive, the color changing by small 
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degrees of light. It must therefore be kept in the dark to 
the moment of using. 

A great variety of other methods of making photographic 
paper are described in treatises on the art, and to those we 
must refer the student who is inquisitive on such subjects. 

Camera Obscura. — An instrument of this kind of the ordi- 
nary construction, has already been figured and described, 
but a more simple and less expensive apparatus will answer 
for experiments in the art under consideration. 

Any one who lives near a joiner's shop, and who is desi- 
rous of making photographic experiments, can make his own 
camera obscura. 

For this purpose, two boxes, each a foot long and eight or 
ten inches square, the one sliding within the other, is all that 
is required for the body of the camera. In one of the boxes 
is placed the lens, an inch and a half, or two inches in diame- 
ter, having a focal distance of 12 or 15 inches. The boxes 
are to be painted black on the inside to prevent the diffusion 
of light. This may be done with spirits of turpentine and 
lampblack. 

The paper is fastened to a piece of thin board, which is to 
be attached to the inner, or sliding box. Through the upper, 
and back part of the box, there is a small hole through which 
the operator can see to adjust the paper in the focus of the 
lens, by sliding the box in. or out, as the case requires. 

Taking care to turn the sensitive side of the paper towards 
the lens, place it so that the most defined images of things 
fall upon its surface. In this position it must remain a suffi- 
cient length of time to receive the impression. 

The time required for this is of course quite variable, de- 
pending on the intensity of the light and the sensibility of 
the paper. It may however be stated, as a general guide, 
that highly sensitive paper, in the sunshine of a summer 
morning, requires about thirty minutes for the impression to 
be complete. 

If the light is less intense and the paper less perfect, it 
ought to remain an hour in the camera. 

Fixing the Picture. — When the paper is made sensitive by 
the murio-nitrate of silver, as in the last process described, 
the picture is fixed, and the other parts of the paper rendered 
insensible by a solution of hyposulphite of soda. The solu- 
tion is made by dissolving an ounce of the salt in a quart of 
water. A portion of this being placed in a shallow dish, the 
pictures are introduced one at a time, and allowed to remain 
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two or three minutes. They are then washed in pure water, 
and then may be dried by exposure to the sun, which now 
effects no change in the color. 



DAGUERREOTYPE. 

This branch of photography was the invention of M. Da- 
guerre, an ingenious French artist, and is entirely independ- 
ent of the art of taking impressions on paper, as above de- 
scribed. In that, the pictures are reversed, in this they are in 
the natural position, and instead of paper, the picture is on 
silver. 

As an art, this is one of the most curious and wonderful 
discoveries of the present age ; for when we witness the va- 
riety of means necessary to the result, it would appear equally 
improbable that either accident or design could possibly have 
produced such an end by means so various and complicated, 
and to which no other art, (save in the use of the camera 
obscura,) has the least analogy in the manner in which the 
object is accomplished. 

This being a subject of considerable public interest, and, 
withal, a strictly philosophical art, we shall here describe all 
the manipulations as they succeed each other in producing 
the result, a human likeness. 

The whole process may conveniently be divided into eight 
distinct operations. 1st. Polishing the plate. 2d. Exposing 
it to the vapor of iodine. 3d. Exposing it to the vapor of 
bromine. 4th. Adjusting the plate in the camera obscura. 
5th. Exposing it to the vapor of mercury. 6th. Removing 
the sensitive coating. 7th. Gilding the picture. 8th. Color- 
ing the picture. 

1. Polishing the Plate.— The plates are made of thin sheets 
of silver, plated on copper. It is said that for some unknown 
reason the photographic impression takes more readily on 
these plates, than on entire silver. The silver is only thick 
enough to prevent reaching the copper in the process ot 
scouring and polishing. 

The polishing is considered one of the most difficult and 
important manipulations in the art, and hence hundreds of 
pao-es have been written to describe the various methods de- 
vised and employed by different artists or amateurs. 

We can only state here, that the plate is first scoured with 

Mn m-v to take off the impressions of the hammer in plamsn- 

; . Y„.. , pumice, finely powdered, is used, with alcohol, to 
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remove all oily matter, and after several other operations, it 
is finally given the last finish by means of a velvet cushion 
covered with rouge. 

2. Iodizing the Plate. — After the plate is polished, it is in- 
stantly covered from the breath, the light, and the air, nor 
must it be touched, even on the edges, with the naked hand ; 
but being placed on a little frame, with the face down, it is 
carried to a box containing iodine, over which it is placed as 
a cover. Here it remains for a moment or two in a darkened 
room, being often examined by the artist, whose eye de- 
cides by the yellowish color to which the silver changes, the 
instant when the metal has combined with the proper quan- 
tity of iodine. This is a very critical part of the process, and 
requires a good eye and much experience. The vapor of 
iodine forms a film of the iodide of silver on the metal, and 
it is this which makes it sensible to the light of the camera, 
by which the picture is formed. If the film of iodine is too 
thick, the picture will be too deep, and dark ; if too thin, 
either a light impression, or none at all, will be made. 

3. Exposure of the Vapor of Bromine. — Bromine is a pe- 
culiar substance, in the liquid form, of a deep red color, ex- 
ceedingly volatile, very poisonous, and having an odor like 
chlorine and iodine, combined. It is extracted from sea 
water, and the ashes of marine vegetables. 

This the photographic artists call an accelerating substance, 
because it diminishes the time required to take the picture in 
the camera obscura. 

The iodized plate will receive the picture without it, but 
the sitter has to remain without motion before the camera for 
several minutes, whereas by using the bromine, the impres- 
sion is given, in a minute, or in a minute and a quarter. 
Now as the least motion in the sitter spoils the likeness, it is 
obvious that bromine is of much importance to the art, espe- 
cially to nervous people and children. 

The bromine is contained in a glass vessel closely covered, 
and is applied by sliding the plate over it for a few seconds. 

4. Adjusting the Plate in the Camera. — The plate is now 
ready for the photographic impression by means of the ca- 
mera. If a likeness of a person is to be taken, he is already 
placed before the instrument, in a posture which the artist 
thinks will give the most striking picture, and is told that 
the only motion he can make for a half a minute to a min- 
ute, is winking. 

The artist now takes the plate from a dark box, and un- 
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der cover of a black cloth fixes it in the focus of the lens. 
This is done in a light room, with the rays of the sun dif- 
fused by means of white curtains. 

The artist having left the sitter for the specified time, re- 
turns, and removes the plate for the next operation. Still, 
not the least visible change has taken place on the bright 
surface of the silver. If examined ever so nicely, no sign of 
a human face is to be seen, and the sitter who sees the plate, 
and knows nothing of the art, wonders what next is to be 
done. 

5. Exposure to the fumes of Mercury. — The plate is next 
exposed to the fumes of mercury. This is contained in an 
iron box in a darkened room, and is heated by means of an 
alcohol lamp, to about 180 degrees, Fah. The cover of the 
box being removed, the plate is laid on, with the silver side 
down, in its stead. 

After a few minutes, the artist examines it, and by a faint 
lio-ht, now sees that the desired picture begins to appear. It 
is & a°-ain returned for a few minutes longer, until the likeness 
is fully developed. 

If too long exposed to the mercury, the surface of the sil- 
ver turns to a dark ashy hue, and the picture is ruined ; if 
removed too soon, the impression is too faint to be distinct to 

the eye. 

6. Removal of the Sensitive Coating.— 1 he next operation 
consists in the removal of the iodine, which not only gives 
the silver a yellowish tinge, but if suffered to remain, would 
darken, and finally ruin the picture. Formerly this was done 
by a solution of common salt, but experiment has shown that 
the peculiar chemical compound called hyposulphite of soda, 
answers the purpose far better. This is a beautiful, trans- 
parent crystalized salt, prepared by chemists for the express 

PU Ablution of this is poured on the plate until the iodine is 
entirely removed, and now the picture for the first time may 
be exposed to the light of the sun without injury, but the 
plate has still to be washed in pure water, to remove all re- 
mains of the hyposulphite, and then heated and dried over 

^^Gilding^he Picture.— This is called, fixing, by the chlo- 

nd Havin- d washed the picture thoroughly, it is then to be 
placed on the fixing stand, which is to be adjusted previously 
to a perfect level, and as much solution of chloride of gold 

33* 
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as the plate can retain, poured on. The alcohol lamp is 
then held under all parts of it successively. At first the im- 
age assumes a dark color, but in a few minutes grows light, 
and acquires an intense and beautiful appearance. 

The lamp is now removed, and the plate is again well 
washed in pure water, and then dried by heat. 

Before gilding, the impression may be removed by re- 
polishing the plate, when it is perfectly restored ; but after 
gilding, no polishing or scouring will so obliterate the picture, 
as to make it answer for a second impression. Such plates 
are either sold for the silver they contain, or are re-plated by 
the electrotype process. 

8. Coloring the Picture. Coloring Daguerreotype pic- 
tures is an American invention, and has been considered a 
secret, though at the present time it is done with more or 
less success by most artists. < 

The color(| consists of the oxides of several metals, ground 
to an impalpable powder. They are laid on in a dry state, 
with soft camel hair pencils, after the process of gilding. 
The plate is then heated, by which they are fixed. This is 
a very delicate part of the art, and should not be undertaken 
by those who have not a good eye, and a light hand. 

The author is indebted to Mr. N. G. Burgess, of 192 
Broadway, New York, for much of the information con- 
tained in the above account of the Daguerreotype art. Mr. 
B. is an experienced and expert artist in this line. 

MORSE'S ELECTROMAGNETIC TELEGRAPH. 

The means by which Mr. Morse has produced his won- 
der-working and important machine is the production of a 
temporary magnet, by the influence of the galvanic fluid. 

We have already described the method of making tempo- 
rary magnets of soft iron, by covering the latter with insula- 
ted copper wire, to each end of which the poles of a small 
galvanic battery is applied. 

The description of Fig. 272, with what is said before, on 
the subject, will inform the student how the power is ob- 
tained by which the philosopher in question has brought be- 
fore the world such wonderful and unexpected effects. 

It has long since been known, that so far as experiment 
has taught, there is no appreciable time occupied in the pas- 
sage of the electric fluid from one place to another, though 
Morse's experiments tend to prove, that for the first ten miles, 
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there is a diminution of the magnetic power, after which, to 
the distance of 33 miles, no such effect is perceptible. 

The machine itself is sufficiently simple, and will be com- 
prehended at once, by those who have made electro-magnetic 
experiments, by the annexed diagram and description. 

The temporary magnet a, Fig 275, enveloped with its in- 
sulated copper wire, is fastened to the wooden frame b, g : by 
means of cords or otherwise. 



Fig. 275. 




Principle of Morse's Telegraph. 

This frame also supports the standard h, which sustains 
the revolving drum/, on which the paper to receive the em- 
blematical alphabet is fixed, m being the edge of the paper. 

To the arm g, is appended the lever c, of wood, which has 
a slight vertical motion, in one direction by the steel spring 
d, and in the other, by the armature of soft iron e. 

The two poles of the magnet rest in two little cups of mer- 
cury, into which are also to be plunged the poles of the mag- 
netic battery, (not shown in the drawing,) of which p is the 
positive, and n the negative. The steel point i, attached to 
the lever, is designed to mark the telegraphic alphabet on 
the paper. 

Having thus explained the mechanism, we will now show 
in what manner this machine acts to convey intelligence 
from one part of the country to another. 

It has already been explained that when a bar of soft iron 
surrounded by insulated copper wire, as shown at a, has its 
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two poles connected with the poles of a galvanic battery, 
the iron instantly becomes a magnet, but returns to its for- 
mer state, or ceases to be magnetic, the instant the connec- 
tion between them ceases. 

To break the connection, it is not necessary that both of 
the poles should be detached, the circuit being broken by the 
separation of one only. 

Supposing then, that a and p are the poles of such a bat- 
tery, on placing n into the cup of mercury, the wires from 
the soft iron being already there, the armature e is instantly 
attracted, which brings the point i against the paper on the 
revolving wheel f. If n is instantly detached after the point 
strikes the paper, then only a dot will be made, for the mag- 
netic power ceasing with the breaking of the circuit, the 
spring d, withdraws the point from the paper the instant the 
pole is removed. 

If a line is required in the telegraphic alphabet, then the 
pole is kept longer in the vessel of mercury, and as the al- 
phabet consists of dots, and lines of different lengths, it is 
obvious that writing in this manner cannot be difficult. The 
understanding of the alphabet is another matter, though we 
are informed that this may be done with facility. 

The marks of the point i, are made by indenting the pa- 
per, the roller on which it is fixed being made of steel in 
which a groove is turned, into which the paper is forced by 
the point. The paper is therefore raised on the under side 
like the printing for the blind. 

The roller/ is moved by means of clock-work, having an 
uniform motion, consequently the dots and lines depending 
on the time the point is made to touch the paper, are always 
uniform. 

Now with respect to the distance apart at which the tem- 
porary magnet and writing apparatus, and the battery are 
placed, experiment shows that it makes little difference with 
respect to time. Thus, suppose the battery is in Hartford, 
and the magnet in New York, with copper or iron wires 
reaching from one to the other. Then the telegraphic wri- 
ter at Hartford, giving the signal by means of an alarm 
bell, that he is ready to communicate, draws the attention 
of the person at New York to the apparatus there, — the 
galvanic action being previously broken by taking one of 
the poles from the battery at Hartford. 

If now we suppose the letter a is signified by a single dot, 
he at Hartford dips the pole in the cup of the battery, and 
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instantly at New York the soft, iron becomes a magnet, and 
a dot is made on the paper, and so, the rest of the alphabet. 
The wires are carried through the air by being wound 
around glass caps supported by iron L shaped arms, which 
are driven into wooden posts about 20 feet from the ground. 
These posts are erected for this purpose chiefly on the rail- 
way lines from 50 to 100 feet apart. 

The following is a summary from an able treatise on 
Morse's Telegraph, by Mr. Charles Chester, and published 
in Sillimari's Journal, Nov. 1847. 

" In computing the extent of lines in operation, the length 
of duplicate wires has not been taken into consideration ; 
this will swell the amount to 3,500 miles of telegraph at this 
moment in full operation, — (November, 1847.) The actual 
extent of erected wire is however much greater. The nu- 
merous branch lines that will shoot from the great southern 
route are not yet definitely arranged. The line projected 
from Buffalo to Milwaukie may be embarrassed in its pro- 
gress, from conflicting claims in regard to priority of right to 
the territory, Mr. Henry O'Reilly insisting on its embrace- 
ment in his great original contract. No doubt exists that 
the ground will be covered. The following general estima- 
tion is pretty nearly correct. 

Lines complete, and in operation . . 2,989 miles. 

Second wires complete, 511 " 

Lines in progress, 2,812 

« contemplated, 2,000 " 

Second wires in progress, .... 2,678 " 

11,000 « 



THE END. 



BULLIONS' 

SERIES OF GRAMMARS, 

ENGLISH, LATIN AND GREEK, 

ON THE SAME PLAN, 

FOR THE USE OF 

Colleges, Academies & Common Schools. 

(Published by Pratt, Woodford & Co., N. Y.) 



In preparing this series, the main object has been, First: 
To provide for the use of schools a set of class books on 
this important branch of study, more simple in their ar- 
rangement, more complete in their parts, and better adapted 
to the purposes of public, instruction, than any heretofore in 
use in our public Seminaries : and Secondly, to give the 
whole a uniform character by following, in each, substan- 
tially, the same arrangement of parts, using the same 
grammatical terms, and expressing the definitions, rules, 
and leading parts, as nearly as the nature of the case 
would admit in the same language ; and thus to render the 
study of one Grammar a more profitable introduction to the 
study of another than it can be, when the books used dif- 
fer so widely from each other in their whole style and ar- 
rangement, as those now in use commonly do. By this 
means, it is believed, much time and labor will be saved, 
both to teacher and pupil,— the analogy and peculiarities 
of the different languages being constantly kept in view, will 
show what is common to all, or peculiar to each— the confu- 
sion and difficulty unnecessarily occasioned by the use of 



elementary works, differing widely from each other in lan- 
guage and structure will be avoided, — and the progress of 
the student rendered much more rapid, ea9y anr' satis- 
factory. 

These works form a complete series of elementary 
books, in which the substance of the best Grammars in 
each language has been compressed into a volume of 
convenient size, handsomely printed on a fine paper, 
neatly and strongly bound, and at a moderate price. 
The whole series is now submitted to the judgment of 
a discerning public, and especially to teachers and su- 
perintendents of schools, and seminaries of learning through- 
out the United States. 

The following notices and recommendations of the 
works separately, and of the series, both from individuals 
of the highest standing in the community, and from the 
public press, will furnish some idea of the plan pro- 
posed, and of the manner in which it has been executed 

I. THE PRINCIPLES OF ENGLISH GRAMMAR 

Comprising the substance of the 7nost approved English Grammart 
extant — with copious exercises in Parsing and Syntax. Fifth edition 
with an Appendix, of various and useful matter, pp. 216, 12 mo. New. 
York, Robinson, Pratt & Co. 

This work, on the plan of Murray's Grammar, has been prepared with 
much care, and with special reference to the wants of our Common 
Schools. It comprises in a condensed form, and expressed in plain and 
perspicuous language, all that is useful and important in the works of 
the latest and best writers on this subject, — an advantage possessed in an 
equal degree by no similar work now in use. It is the result not only 
of much study and careful comparison, but of nearly twenty-five years 
experience in the school room, during which, the wants of the pupil 
and the character of books best adapted to those wants, have been care- 
fully noted ; and its adaptation to the purpose of instruction has now been 
thoroughly tested and approved in some of the best schools in this coun- 
try . It is beautifully printed on a fine strong paper, neatly and firmly 



bound, and forma one of the most complete, useful, and economical school 
books ever offered to the public. The following are a few extracts from, 

NOTICES AND RECOMMENDATIONS. 

The undersigned have great satisfaction in recommending to the pub- 
he, " The Principles of English Grammar," by Prof. Bullions, of tb«j 
Albany Academy. Proceeding upon the plan of Murray, he has availed 
himself of the labors of the most distinguished grammarians, both at 
home and abroad ; and made such a happy use of the helps afforded him, 
that we know of no work of the kind, in the same compass, which is 
equal to it in point of merit. Among its many excellencies, it is not the 
least, that Prof. B. has given a practical illustration of every principle 
from the beginning to the end ; and the possession of his Grammar en. 
tirely supersedes the necessity of procuring a separate volume of Exer- 
cises on the Rules of Syntax. In a word, we can truly say, in the lan- 
guage of the author, " that there is nothing of much importance in 
Murray's larger Grammar, or in the works of subsequent writers, that 
will not be found condensed here." 

John Ludlow, Alonzo Crittenton, 

Isaac Ferris, J. M. Garfield, 

Alfred Conklinq, Robert McKee. 

T. Roiueyn Beck. 
Albany, October 8, 1842. 

[An Extract from the Minutes of the Board of Trustees of the Al. 
bany Female Academy.] 
At a meeting of the trustees of the Albany Female Academy, held on 
the third instant, the book committee reported, that they had examined 
Professor Bullions' English Grammar, recently published in this city : 
and that in their opinion, it contains all that is useful in the most im- 
proved treatises now in use, as well as much valuable original matter : 
that from the copious exercises in false syntax, it will supersede the ne. 
cessity of a separate volume on that subject ; and recommend that it 
should be used as the text book in this institution. 

On motion, it was resolved, that the report of the committee be ac- 
cepted, and the treatise on English Grammar; by the Rev. Peter Bul- 
lions, adopted as the text book in this academy. 

An Extract from the Minutes. 

A. Crittenton, Secretary of the 
Board of Trustees, and. 
Principal of the Academy. 
Albany, October 13, 1834. 

Sing-Sing, November 1, 1834. 

Dkar Sir — I have examined your English Grammar with no small 

degree of satisfaction ; and though I am not in the habit of recommend. 

ing books in this manner, I am constrained in this case to say, I think 

you have conferred another important favour on the cause of education 



The great dofects of most of the English grammars now in use, particu- 
larly in the omission of many necessary definitions, or in the want of 
perspicuity in those given, and also in the rules of construction, are in a 
great measure happily supplied. I am so well pleased with the result of 
youi labors, that I have adopted it, (as I did your Greek Grammar) for 
both our institutions. Yours respectfully, 

Nathaniel S. Prime, Principal oj 
Rev. P. Bullions, Mt. Pleasant Academy, 



The undersigned hold the responsibility of recommendation as an im 
portant one — often abused, and very frequently used to obliged a per- 
sonal friend, or to get rid of an urgent applicant. They further appeal 
to their own conduct for years past, to show that they have only occa- 
sionally assumed this responsibility ; and therefore feel the greater confi- 
dence in venturing to recommend the examination, and the adoption of 
the Rev. Dr. Bullions' English Grammar, as at once the most concise 
and the most comprehensive of any with which they are acquainted ; as 
furnishing a satisfactory solution of nearly all the difficulties of the Eng- 
lish language ; as containing a full series of exercises in false syntax, 
with rules for their correction ; and finally, that the arrangement is in 
every way calculated to carry the pupil from step to step in the success- 
ful acquisition of that most important end of education, the knowledge 
and use of the English language. GIDEON HAWLEY, 

T. ROMEYN BECK, 

March 1, 1842. JOHN A. DIX. 



A cursory examination of the English Grammar of Dr. Bullions, has 
satisfied me, that it has just claims on public favour. It is concise and 
Eimple ; the matter is well digested ; the exercises excellent, and the ty- 
pographical execution worthy of all praise. The subscriber takes plea- 
sure in recommending it to the notice of Teachers, and of all persons 
interested in education. ALONZO POTTER. 

Union College, Sept. 6, 1842. 



The English Grammar of the Rev. Dr. Bullions, appears to me, to be 
the best manual which has appeared as yet. With all the good points 
of Murray, it has additions and emendations, which I cannot but think 
would have commended themselves to Murray himself, and if I were a 
teacher of English Grammar, I would without hesitation prefer it to any 
other book of the kind, JAMES W. ALEXANDER, 

Professor of Belles Lettres, College of N. J. 

Princeton, Aug. 15, 1842 



Extract of a letter from Rev. Benjamin Hale, D.D., President oj Oe 

neva College N. Y. 

Rev. Dr. Bullions. — Dear Sir — I have lately procured a copy of your 

English Grammar, and given it such attention as my time has permitted, 

anal do not hesitate to express my conviction, that it is entitled to higher 



confidence than any other English Grammar in use among us, and mv 
wish, that it may come into general use. I have seen enough to satisfy 
inc, that you have diligently consulted the best sources, and combined 
your materials with discrimination and judgment. We have, as a facul- 
ty, recommended it by placing it on the list of books to be used by can 
didates in preparation for this college. I have personally recommended 
it, and will continue to recommend it, as I have opportunity. 

Very respectfully, dear sir, your friend, &c. 
BENJAMIN HALE. 
Geneva College, July 13, 1842. 

Extract of a letter from Rev. Cyrus Mason, D.D., Rector of the Grammar 
School in the University of New- York. 

University, New-York, June 13th, 1842. 
Rev. Dr. Bullions. — Dear Sir — At the suggestion of the late Mr. 
Leckie, head classical master in the Grammar School, we began to in- 
troduce your grammars at the opening of the present year. We have 
made use chiefly of the Greek and English Grammar. Tue result thus 
far is a conviction that we have profited by the change, which I was 
very slow to make ; and I doubt not that our farther experience will con- 
firm the good opinion we entertain of your labors in this department of 
learning. Wishing you a large reward, I remain, very truly yours, 

b C. MASON, Rector. 

NOTICES FROM THE PUBLIC PRESS. 
From a Report presented to the Jefferson Co. Asso- 
ciation of Teachers, on the English Grammars now in 
use, the merits of each, and the best method of teaching 
them. By the Rev. J. R. Boyd, Principal of Black Ri- 
ver Institute. 

"2. The Grammar by Prof. Bullions of the Albany Aca- 
demy, is constructed on the same plan as that of Brown ; 
and while it is not so copious in its exercises, nor so full in 
its observations upon the language, yet it is far more simple 
in its phraseology, more clear in its arrangement, more free 
perhaps from errors or things needing improvement, and at 
the same time contains all that is necessary to be learned in 
gaining a knowledge of the structure of our language. The 
Rules of Syntax and observations under them, are expressed 
generally in the best manner. The Verb is most vividly ex- 
plained, and that portion of the work contains much not to 
be found in other grammars, while it judiciously omits a 
great deal to be found in them, that is unworthy of insertion. 
» It is excellent upon Prosody, and upon Poetic Diction 



6 

and gives an admirable summary of directions for correct 
and elegant writing, and the different forms of composition. 
The typography of the book cannot be too highly commended 
— a circumstance that greatly affects the comfort and improve- 
ment of the learner. 

" This grammar is equally well adapted to the beginner 
and to the advanced scholar. The course of instruction 
which Prof. B. recommends in the use of his grammar, 
seems wisely adapted to secure in the readiest manner the 
improvement of the pupil. The book is not so large as to 
appal the beginner, nor so small as to be of little use to those 
advanced. On the whole, in my judgment, no work has yet 
appeared, which presents equally high claims to general use. 
It is copious without redundancy — it is well printed, and 
forms a volume pleasing to the eye. It is lucid and simple, 
while in the main, it is philosophically exact. — Among the 
old Grammars, our decided preference is given to that of 
Prof. Bullions." 

[From the Albany Argus.] 

Principles of English Grammar. — This work besides containing a 
full system of grammar, is rendered more immediately useful for acade- 
mics and common schools, by containing copious examples in good gram. 
mar for parsing, and in bad grammar for correction ; and all of these are 
arranged directly under the rule to which they apply. Thus, instead of 
two books, which are required, (the grammar amd the exercises,) the 
learner finds both in one, for a price at least not greater than the others. 

[From the Newburgh Journal.] 
Bullions' English Grammar. — It is not one of the smallest evils con- 
nected with our present system of common school education, that our 
schools are flooded with such a variety of books on elementary subjects, 
not only differing in arrangement, but frequently involving absurd and 
contradictory principles. And to no subject are these remarks more ap. 
plicable, than to English Grammar. And until some one elementary 
work of an approved character shall be generally introduced into our 
common schools, we despair of realizing a general proficiency in this 
important branch of education, It is with pleasure, therefore, that we 
witness the increasing popularity of " Bullions' English Grammar." 
From a familiar acquaintance with the work, from the publication of 
the first edition, we have no hesitation in pronouncing it the best Gram- 
mar with which we are acquainted. The perspicuity of its definitions, 
the correctness of its principles, the symmetry of its arrangements, as 
well as the neat and accurate form in which it is presented, and withal 
the cheapness of the work, are so many recommendations to its general use 



fFrom the Albany Evening Journal. J 

Professor Bullions' English Grammar is obviously the fruit ol sound 
and enlightened judgment, patient labor and close reflection. It partake* 
of the character both of an original work and of a compilation. Foli 
lowing the principles of Murray, and adopting in the main the plan of 
Lennie, the most distinguished of his successors, the aim of the authoi, 
as he states in his preface, has been to correct what is erroneous, to re. 
trench what is superfluous or unimportant, to compress what is prolix, U 
elucidate what is obscure, and to determine what is left doubtful, in th» 
books already in use. In laboring to accomplish this excellent design, hj 
has contrived to condense, in very perspicuous language, within thi 
compass of a small, handsomely printed volume, about 200 pages, an. 
costing but 50 cents, all that is requisite in this form to the acquisition 
of a thorough knowledge of the grammar of our language. It contains 
so great a number of exercises in parsing and syntax, judiciously inter, 
spersed, as to supersede the necessity of separate manuals of exercises 
now in use. Among other highly useful things to be found in this book, 
and not usually met with in works of this nature, are some very valua. 
ble critical remarks, and a pretty long " list of improper expressions," 
which unhappily have crept into use in different parts of our country. 
Under the head of Prosody, the author has, it is believed, given a bet- 
ter explanation of the principles of English versification, than is to be 
found in any other work of this nature in this country. In short, I 
hazard the prediction that this will be found to be decidedly the plainest, 
most perfect, and most useful manual of English grammar that has yet 
appeared. Z. 

EXTRACTS FROM LETTERS. 

The following, are extracts from letters from County Su- 
perintendents of Common Schools in the State of New-York, 
to whom copies of the work had been sent for examination. 
From Alexander Fonda, Esq. Dep. Supt. of Com. Schools, Schenectady Co. 

Schenectady, March 30, 1842. 

Dear Sir — I acknowledge the receipt of a copy of your English 
Grammar, left upon my office desk yesterday afternoon. When in your 
city some three weeks since, I was presented with a copy by S, S. Ran- 
dall, Esq. ; from the examination I was enabled to give it, and from the 
opinion expressed in relation to it, by one of the oldest and most ex- 
perienced teachers of this county, to whom I presented it, as well as 
from the knowledge I possessed by reputation of its author, I had before 
I received the copy from you, determined to introduce it as far as 1 was 
able, as a class book in the schools of this county. 

From Chauncey Goodrich, Esq. Dep. Supt. of Com. Schools Onondaga , Co 

Canal, June 24, 1842. 

Dear Sir— Your favor of the 1st instant has just come to hand The 
Grammar eferred to has been received and examined. I am fully sa 
Sed of its su^rior merits as a grammar for common schools, over anj 
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oilier work I have seen. I shall take the earliest measures for its intro- 
duction into the schools under my supervision. 
From Roswell K. Bourne, Esq. Dep. Supt. of Com. Schools, Chenango C» 

Pitcher, June 30. 1842. 
• Dear Sir — Some time since I received a copy of a work on English gram 
mar, by the Rev. Peter Bullions, D.D. for which I am much obliged. 1 
have given the book as close an examination as circumstances would 
permit. The book is well got up, and exhibits the thorough acquaint, 
ance of the author with his subject. I think it well calculated for our 
common schools. 
From Garnsey Beach, Esq. Dep- Suvt. of Common School*. Putnam Co. 

Patterson, July 2, 1842. 
Dear Sir — Yours of the first ult, was received on Thursday last. As 
it respects your Grammar I have carefully examined it, and witficut en- 
tering into particulars, I consider it the best I have ever seen, and as 
such, I have recommended it to the several schools under my care. 
From 0. W. Randall, Esq. Dep. Supt. of Common Schools, Oswego Co. 

Phuenix, July 2, 1812. 
Mr. P. Bullions, — Dear Sir — I have for the last two weeks devoted 
some considerable time, in perusing your system of English Grammar, 
and in reply to yours, requesting my views of the work, I can cheer, 
fully say, that its general arrangment, is admirably adapted either to the 
novice or adept. The § 27th and § 28th on verbs, with the attendant remarks, 
are highly important, and essential to the full completion of any system 
of grammar. The work taken together is remarkable for simplicity, 
lucidity and exactness, and is calculated not only to make the correct 
grammarian, but also a correct prosodian. Whatever may be its fate in 
the field, it enters with a large share of merit on its side, and with full 
as fair prospect of success as any work extant. 

From W. S. Preston, Esq. Dep- Supt. of Com Schools, Suffolk Co. N. Y. 

Patchogue, L. I. July 6, 1842. 
Prof. P. Bullions, — Dear Sir — Some time since I received a copy of 
your English Grammar, for which I am much obliged. I have devoted 
as much time to its perusal as circumstances would permit, and can say 
of it, that I believe it claims decided pn rerence over the Grammars ge- 
nerally used in schools throughout this country, and indeed I may say, 
over the many works on that science extant. 

From James Henry, Esq. Dep. Supt. of Common Schools, Herkimer Co. 

Little-Falls, July 11, 1842. 
Prof. Bullions, — Sir — I have read with as much attention as my avo- 
cations would allow, the work you had the kindness to send me, upon 
English Grammar, and so far as I am capable of forming an opinion of 
the merits of your book, I concur generally in the views expressed in 
the extract from the report of M Boyd, as contained in your circular. 
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Frjtn h. H. Stevens, Dep. Supt. of Common Schools, Franklin Co. N. Y. 

Moira, Aug. 27, 1842. 

Rev. P. Bullions, — Dear Sir — On Wednesday the 24th instant, the 
committee determined upon a series of books, and I have the happiness 
to inform you, that your English Grammar will be reported on the first 
Wednesday in October at the next meeting of the Association, as the 
most brief, perspicuous and philosophical work, upon that subject within 
our knowledge. 

from R. W. Finch, Esq. Dep. Supt. of Common Schools. Steuben Co. N. Y' 

Bath, Sept. 11, 1842. 

Dear Sir — Having at length given your English Grammar a careful 
perusal ; and having compared it with all the modern works on the sub- 
ject, which have any considerable claims to merit, I am prepared to make 
a more enlightened decision, arid one that is satisfactory to myself. The 
work has my decided preference. 

From J. W. Fairfield, and Cyrus Curtiss, Esqrs. Dep. Superintendents 
of Common Schools, Hudson, N, Y. 

Hudson, Sept. 15, 1842. 

Rev. P. Bullions, — Sir — We have examined a copy of your English 
Grammar, with reference to the introduction of the same into our pub- 
lic schools, and we take pleasure in saying that the examination has 
proved very satisfactory. We cannot, without occupying too much 
space, specify the particular points of excellence which we noticed in 
the arrangement of the different parts, the clearness of expression and 
illustration, and the precise adaptation of the Rules of Syntax, to the 
principles previously laid down. It is sufficient to say, that we believe 
it to be, in all the requisites of a good school book, superior to any other 
English Grammar which has come under our observation. 

II. THE PRINCIPLES OF LATIN GRAMMAR, &c. 

This work is upon the foundation of Adam's Latin Grammar, so long 
and so well known as a text book in this country. The object aimed at 
was to combine with all that is excellent in the work of Adam, the im- 
portant results of subsequent labors in this field, — to correct errors and 
supply defects, — to bring the whole up to that point which the present 
state of classical learning requires, — and to give it such a form as to ren- 
der it a suitable part of the series. The following notices are furnished. 

From Rev. James W. Alexander, Prof Belles Lettres m the College of 
New- Jersey. 

Princeton, N. J. Aug. 15, 1842. 

1 have examined with some care the Latin Grammar of the Rev. Dr. 
Bullions. It is, if I may hazard a judgment, a most valuable work, 
evincing that peculiar apprehension of the pupil's necessities, which 
nothing but long continued practice as an instructor can produce. Among 
our various Latin Grammars, it deserves the place which is occupied by 
the best ; and no teacher, as I think, need hesitate a moment about in 
troducing it 
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[From the Biblical Repertory, or Princeton Review, Jan. 1842.., 
The Principles of Latin Grammar, &c. — This completes the series 
proposed by the learned author, who has now furnished us with an Eng- 
lish, a Latin, and a Greek Grammar, which have this peculiar recom- 
mendation that they are arranged in the same order, and expressed in 
the same terms, so far as the differences of the languages permit. Tho 
basis of this manual is the well known Grammar of Adam, an excellent 
summary, but at the same time one which adm tted of retrenchment, ad- 
dition, and emendation, all which have been ably furnished by Dr. Bui 
lions. We have not made a business of perusing the work laboriously, 
but we have looked over the whole and bestowed particular attention on 
certain parts ; and therefore feel at liberty to recommend it with great 
confidence, especially to all such teachers as have been in the habit of 
using Adam's Grammar. 

III. THE PRINCIPLES OF GREEK GRAMMAR, &c. 

The object of this publication was to provide a comprehensive manual 
of Greek Grammar, adapted to the use of the younger, as well as to the 
more advanced class of students in our schools and colleges, and espe 
cially of those under the author's own care. To this end, the leading 
principles of Greek Grammar are exhibited in rules as few and brief as 
possible, so as to be easily committed to memory, and at the same time 
eo comprehensive and perspicuous, as to be of general and easy application. 

The following notices of this work, from different sources, will show 
the estimate formed of it by competent judges. 

Bullions' Greek Grammar. — We have examined the second edition 
of Dr. Bullions' Greek Grammar, and consider it, upon the whole, the 
best grammar of the Greek language with which we are acquainted 
The parts to be committed to memory are both concise and comprehen 
8ive ; the illustrations are full without prolixity, and the arrangement na- 
tural and judicious. The present edition is considerably reduced in size 
from the former, without, as we apprehend, at all impairing its value. 

It discovers in its compilation much labor and research, as well as 
sound judgment. We are persuaded that the general use of it in our 
grammar schools and academies would facilitate the acquisition of a 
thorough knowledge of the language. Judicious teachers pursuing the 
plan marked out by the author in his preface, would usually conduct 
their pupils to a competent knowledge of the language in a less time by 
several months than by the systems formerly in use. We therefore give 
it our cordial recommendation. ELIPHALET NOTT, 

R. PROUDFIT, 

Union College, December 19, 1840. ALONZO POTTER. 

Extract of a letter from Rev. Daniel D. Whedon, A.M. Professor of An- 
dent Languages and Literature, in the Wesleyan University, Middleton, Ct. 
Wesleyan University, March 29, 1842. 
Rev. Dr. Bullions, — Dear Sir — Although I have not the honor of 
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your personal acquaintance, I take the liberty of addressing to you my 
thariKs for your excellent Greek Grammar. Notwithstanding many 
personal, urgent, and interested appeals in favor of other grammars — and 
our literary market seems to abound with that kind of stock — the in- 
trinsic superiority of your manual over every rival, induced me. after I 
6aw your last edition, to adopt it in the Greek department of tho Wes- 
leyan University, and the success of my present Freshman class, amply 
justifies the course. 

Extract cf a letter from Henry Bannister, A.M. Principal of the Academy 
in Fairfield, N. Y. 

Fairfield Academy, May 12, 1842. 

Rev. Doct. Bullions, — Sir — Sometime since I received your English 
and Greek Grammar, of each, one copy; and, if it is not too late, I 
would now return you my sincere thank*. I have not found in any work, 
suitable for a text book in schools, an analysis of the verb so strictly 
philosophical, and at the same time so easy to the learner to master and 
to retain when mastered, as that contained in your work. The editorial 
observations on government, and indeed the whole matter and arrange- 
ment of the Syntax, especially commend your work to general use in 

schools. 

[From the Princeton Review, for Jan. 1840.] 

It is with pleasure we welcome a second edition of this manual, which 
we continue to regard as still unsurpassed by any similar work in our 
language. The typography and the quality of the paper are uncommon, 
ly good. We observe valuable additions and alterations. For all that we 
can see, everything worth knowing in Thiersch is here condensed into a 
few pages. We have certainly never seen the anatomy of the Greek 
verb so neatly demonstrated. The Syntax is full, and presents the lead- 
ing facts and principles, by rules, so as to be easily committed to mem- 
ory. To learners who are beginning the language, and especially to 
teachers of grammar schools, we earnestly recommend this book. 



[From the New- York Observer.] 
Bullions' Principles of Greek Grammar, &c. 2d edition. With 
pleasure we hail the second edition of this valuable work, and are happy 
to find that the revision which it has undergone has resulted in decided 
improvements. Formed, as it is, on the basis of that most symmetrical 
of all modern grammars. Dr. Moor's Greek Grammar, which its learned 
author never lived to complete. It is now made to embrace not only the 
general rules, but all the mirnitice essential to a critical knowledge of 
that ancient and elegant language. One of the chief excellencies of this 
model, and one that is fully retained in this grammar, is to be found in 
the simplicity, perspicuity, conciseness, and yet fulness of the definitions 
and rules for the various modifications of the language. The sense is 
clearly expressed, while scarcely a particle is used that could have been 
dispensed with. We have no hesitation in expressing the opinion, thaf 
Dr. B. has produced the most complete and useful Greek grammar th«' 
is to be found in the English language. 
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RECOMMENDATIONS OF THE SERIES. 

From, the Rev. John Ludlow, D. D. Provost of the University oj Penn. 

No one I think can ever examine the series of Grammars published by 
Dr. Bullions, without a deep conviction of their superior excellence. 
When the English Grammar, the first in the series, was published in 
1834. it was my pleasure, in connexion with some honored individuals, 
in the city of Albany, to bear the highest testimony to its worth ; that 
testimony, if I mistake not, received the unanimous approval of all 
whose judgment can or ought to influence public opinion. I have seen, 
with great gratification, that the 2d and 3d in the series, the Lalin and 
Greek, have met with the same favorable judgement, which I believe to 
be entirely deserved, and in which I do most heartily concur. 

From the Hon. Alfred Conkling, Judge of the United States Court in ihe 
Northern District of New- York, published in the Cayuga Patriot. 
Bullions' Series of Grammars. — By the recent publication of " The 
Principles of Latin Grammar," this series of grammars (English, Latin, 
and Greek,) is at length completed. To their preparation, Dr. Bullions 
has devoted many years of the best portion of his life. In the composi- 
tion of these books, he has shown an intimate acquaintance with the works 
of his ablest predecessors; and while upon the one hand, he has not scru- 
pled freely to avail himself of their labors, on the other hand, by studi- 
ously avoiding all that is objectionable in them, and by re-modclling, im- 
proving, and illustrating the rest, he has unquestionably succeeded in con. 
structing the best — decidedly the very best — grammar, in each of the 
three above named languages, that has yet appeared. Such is the deli, 
berate and impartial judgment which has been repeatedly expressed by 
the most competent judges, respecting the English and Greek grammars; 
and such, I hesitate not to believe, will be the judgment formed of the 
Latin grammar. But independently of the superiority of these works 
separately considered, they possess, collectively, the great additional re- 
commendation of having their leading parts arranged in the same order, 
and, as far as properly can be done, expressed in the same language. An 
acquaintance with one of them, therefore, cannot fail greatly to facilitate 
the study of another, and at the same time, by directing the attention of 
the student distinctly to the points of agreement and of difference in the 
several languages, to render his acquisitions more accurate, and at the 
same time to give him clearer and more comprehensive views of the 
general principles of language. The importance of using in academies 
and schools of the United States none but ably written and unexcep 
tionable school books, is incalculable ; and without intending unnecessa- 
rily to depreciate the labors of others, as a friend of sound education, I 
cannot refrain from expressing an earnest hope of seeing this series of 
grammars in general use. They are all beautifully printed on very good 
paper, and are sold at very reasonable prices. 



ADVERTISEMENT. 



SUPERIOR TEXT BOORS. 

The attention of Teachers, School Committees, and all inter- 
ested in good education, is solicited to the following School 
Books, which are for sale by booksellers generally, viz : 

bullions' series of grammars: 

Practical Lessons in English Grammar and Composition 

The Principles of English Grammar, for Schools. 

Latin Lessons, with Exercises, by G. Spencer, A. M. 

The Principles of Latin Grammar. 

Latin Reader, with the Idioms and Vocabulary. 

Cesar's Commentaries, with Notes and Vocabulary. 

The Principles of Greek Grammar. 

A. Greek Reader, with Idioms, Notes and Vocabulary. 

These Books have obtained a sterling reputation throughout 
the country. They are found to be remarkably clear and simple, 
and to contain every thing necessary to good scholarship, without 
redundancy. The definitions of the various languages being ex- 
pressed, as far as possible, in the same terms, the pupil progresses 
with rapidity, and saves months of the time spent in using the 
usual class books. In fact, Dr. Bullions' books are precisely 
adapted for teaching, and save both time and expense, being sold 
at low prices, though made in the best style. They are in use in 
some of the best schools and colleges it is believed in every State 
in the Union. They are recommended by — 

Hon. J. A. Dix, U. S. Senator- Professor Hoyt, of Lima Insti- 
Bishop Potter, formerly of lute- 
Union College- Rev. J. Ludlow, Provost of 
Rev. J. W. Alexander, D- D., Pennsylvania University. 

of Princeton College. Thomas Eustaw, Esq., of St. 

Rev. B. Hale, D. D., President Louis. 

of Geneva College. Professor J. Greene, of Madi- 

Rev. C Mason, D. D-, of New son University, Indiana. 

York University. President E- H. Nevin, of 

Professor Wheaton, of Middle- Franklin College, Ohio 

tmvn College. President T. H. Biggs, of Cm- 

R e r 11 Bannister, IX D., of cinnati College. 

Oneida Insulate. Professor W. H. McGuffey. 

\nd ;i great number of eminent scholars and teachers in Ken- 
tucky* Tennessee and other State*. 



advertisement. 

Cooper's Virgil, with English Notes, Mythological, 
Biographical, Historical, &c. 

The Illustrative Definer, a Dictionary of words in common 
use ; is intended to teach children, by examples and by exercises 
in composition, the true, definite meaning of words, and exhibits 
all Mr. Gallaudet's well-known capacity as an instructor of youth. 

The Pictoral Spelling Book, by 11. Bentley,is a most beau- 
tiful and attractive work for children. 

Olney's School Geography and Atlas. This work, well- 
known in almost every village in the United States, has recently 
been revised. The Atlas is entirely new, and contains numerous 
maps, exhibiting every quarter of the globe on a large scale, and 
showing the relative situation of countries more clearly than any 
other atlas. It contains also an ancient map, exhibiting almost 
the entire portion of the world embraced in Ancient History. 
The publishers believe that a thorough examination will convince 
the practical teacher that this work is superior for use to any 
other, and it possesses a permanent value for daily reference. It 
is easy of comprehension, and conducts the pupil in a most natural 
manner to a competent knowledge of Geography. It is deemed 
superfluous to publish recommendations of a work so generally 
known. It is intended that it shall continue to deserve the great 
popularity which it has always maintained, and that the prices 
shall be as reasonable as can be asked. 



BOOKS ON THE SCIENCES, by J. L Comstock, M. D. 

Comstock's System of Natural Philosophy. 
Comstock's Elements of Chemistry. 
Comstock's Elements of Botany. 
Comstock's Outlines of Physiology. 
Comstock's Elements of Mineralogy. 

This series of books is in so general use that the publishers 
would only take occasion to state that it is found superior to any 
in use in Europe. The Philosophy has already been republished 
in Scotland; translated for the use of schools in Prussia; and 
portions of the series are now in course of publication in London. 
.Such testimony, in addition to the general good testimony of 
teachers in this country, is sufficient. The Elements of Chemis- 
try has been entirely revised by the author, the present year, and 
contains »J1 the late discoveries. 

Published by PRATT, WOODFORD & CO. 

159 Pearl street, N. Y. 
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